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ABSTRACT 


Experiments  were  conducted  with  3  sheep  prepared  with  esophageal, 
rumen  and  omasal  fistulas  to  study  the  effects  of  postfeeding  period,  pH 
of  rumen  ingesta,  the  addition  of  saliva  to  the  rumen  contents  and  ingesta 
flow  onward  to  the  omasum  on  water  movements  across  the  rumen  epithelium. 
Saliva  secretion  rates  and  transfer  of  water  from  the  rumen  to  saliva 
were  also  estimated.  Water  movements  were  determined  by  measuring  the 
rate  of  loss  of  tritiated  water  from  the  isolated  rumen.  Osmotic 
relationships  were  estimated  by  measuring  the  freezing  point  of  rumen 
liquor  and  jugular  blood  serum. 

A  rapid  exchange  of  water  between  the  rumen  contents  and  body  fluids 
was  observed  in  all  experiments.  The  rumen  contents  were  consistently 
hypotonic  to  the  serum  of  jugular  blood,  providing  an  osmotic  gradient 
necessary  for  net  water  absorption  from  the  rumen  ingesta.  Water  inflow 
and  outflow  across  the  rumen  epithelium  increased  immediately  following 
feeding,  then  gradually  declined  as  time  after  feeding  progressed;  how¬ 
ever,  significant  changes  in  net  water  absorption  from  the  rumen  were  not 
observed  at  the  postfeeding  periods  studied. 

Reducing  the  pH  of  rumen  ingesta  by  the  addition  of  1  N  hydrochloric 
acid  produced  significant  increases  (P(0.01)  in  water  inflow  and  outflow 
across  the  rumen  epithelium  at  3  and  17  hours  postfeeding.  Significant 
changes  in  net  water  absorption  with  an  ingesta  pH  of  5.3  to  5.8  were  not 
observed  at  17  hours  postfeeding;  however,  net  water  absorption  was 
reduced  at  3  hours  postfeeding  when  the  pH  of  the  ingesta  was  reduced. 

Neither  adding  saliva  to  the  rumen  ingesta  nor  allowing  reticulo- 
omasal  ingesta  flow  produced  any  significant  effects  on  water  inflow  or 
water  outflow  across  the  rumen  epithelium.net  water  absorption  from  the 
rumen  or  the  freezing  point  of  the  rumen  ingesta.  The  pH  of  rumen  ingesta 


increased  slightly  when  alkaline  saliva  was  added  to  the  rumen  ingesta. 

From  these  results  it  was  concluded  that  rumen  isolation  for  short  periods 
of  time  did  not  seriously  alter  water  exchange  between  the  rumen  contents 
and  body  fluids. 

Saliva  secretion  rates  were  found  to  be  significantly  increased 
(P  (  0.01)  during  the  first  20  min  of  each  trial;  then  declined  slowly 
to  approach  the  resting  rates  of  secretion  by  80  to  95  min  of  collection. 
Resting  rates  of  saliva  secretion  did  not  vary  significantly  either  with 
the  postfeeding  periods  studied  or  with  changes  in  the  pH  of  rumen  ingesta. 
Tritiated  water  absorbed  from  the  rumen  ingesta  was  rapidly  secreted  into 
saliva;  however,  significant  changes  in  the  per  cent  of  the  tritiated 
water  absorbed  from  the  rumen  appearing  in  saliva  were  not  observed  over 
the  postfeeding  periods  or  ranges  of  rumen  ingesta  pH  studied. 
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INTRODUCTION 


Investigations  into  the  functions  of  the  forestomachs  of  the  ruminant 
have  emphasized  the  importance  of  these  structures  to  the  general  nutrition 
and  physiology  of  the  animal.  The  forestomachs  are  largely  responsible 
for  the  ruminants'  ability  to  utilize  extremely  fibrous  foods.  The  first 
and  second  compartments  of  the  forestomachs,  known  collectively  as  the 
re ticulo- rumen  (hereinafter  usually  referred  to  as  the  rumen) ,  function 
as  a  fermentation  compartment  in  which  fibrous  feeds  can  be  degraded  by 
microbial  action  and  converted  into  metabolic  products  which  the  ruminant 
is  able  to  utilize.  The  existence  of  optimal  conditions  for  the  promotion 
of  continuous  microbial  fermentation  is  therefore  essential  to  the  main¬ 
tenance  of  the  physiological  functions  of  the  rumen. 

In  addition  to  its  role  in  microbial  digestion,  the  histological 
and  structural  characteristics  of  the  rumen  implicate  it  in  processes  of 
absorption.  The  rumen  of  the  adult  is  entirely  lined  by  a  keratinized 
squamous  epithelium.  The  surface  area  of  this  epithelium  is  greatly 
increased  by  the  presence  of  numerous  folds  and  papillae  which  are  sup¬ 
plied  with  a  profuse  vascular  network.  These  characteristics  present  an 
ideal  structure  for  absorption  from  the  rumen. 

A  wide  variety  of  metabolites,  minerals  and  water  are  absorbed  by 
the  rumen  epithelium.  This  absorption  plays  an  important  role  in  pro¬ 
moting  microbial  fermentation  by  removing  microbial  end-products  and  by 
helping  to  maintain  rumen  fluid  volume.  End-products  of  microbial 
digestion,  in  turn,  influence  the  general  nutrition  of  the  animal  by 
supplying  energy,  nitrogen  compounds,  vitamins,  minerals  and  other 
metabolic  materials.  The  fluid  portion  of  the  ingesta  aids  in  absorption 
by  assuring  intimate  contact  between  the  rumen  contents  and  the  epithelium. 

Rumen  fluid  functions  as  a  culture  medium  for  microbial  digestion 
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and  promotes  an  intimate  contact  between  microorganism  and  food  particles. 
The  end-products  of  microbial  digestion  do  not  remain  within  the  rumen  to 
retard  further  microbial  activity  but  are  removed  by  absorption  and  by 
ingesta  flow  to  the  omasum  and  the  lower  digestive  tract.  The  flow  of 
ingesta  from  the  rumen  is  greatly  enhanced  by  a  fluid  ingesta. 

The  maintenance  of  optimal  physiologic  activity  within  the  rumen 
relies  heavily  on  the  fluid  content  of  the  rumen  ingesta.  The  balance 
between  gains  and  losses  in  the  rumen  contents  determines  ingesta  volume 
and  composition.  Some  of  the  factors  affecting  the  gains  and  losses  are 
the  addition  of  food,  water,  saliva  and  microbial  digestion  products  to 
the  rumen  and  the  removal  of  materials  from  the  rumen  by  flow  to  the 
omasum,  transfer  through  the  rumen  epithelium  and  eructation. 

Although  it  is  recognized  that  rumen  fluid  is  intimately  involved 
in  the  general  nutrition  and  gastric  physiology  of  the  animal,  there  is 
a  paucity  of  information  concerning  water  movements  across  the  epithelium 
of  the  forestomachs.  The  experiments  reported  herein  were  undertaken, 
at  the  University  of  Alberta,  to  determine  the  rates  of  water  movement 
across  the  epithelium  of  the  forestomachs  of  sheep  and  to  study  some  of 


the  factors  which  affect  this  movement. 
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REVIEW  OF  LITERATURE 
A.  Mechanisms  of  Water  Absorption 

Investigations  on  the  absorption  of  water  from  the  gut  of  monogastric 
animals  have  been  quite  extensive  yet  the  mechanisms  involved  have  not 
been  fully  elucidated.  Some  investigators  (Starling,  1920;  Wells,  1931 
and  Dobson,  1961)  have  postulated  that  the  absorption  of  water  from  the 
gut  occurs  because  of  established,  simple,  osmotic  gradients  between  the 
ingesta  and  the  blood  plasma  and  lymph.  Others  suggest  that  water  trans¬ 
fer  across  the  epithelium  of  the  gastro- intestinal  tract  is  dependent 
on  some  type  of  active  transfer  mechanism  and  is  not  a  simple  osmotic 
phenomena  (Reid,  1892;  Visscher  et  al.,  1944;  Fisher,  1954;  Smyth  and 
Taylor,  1954;  Wilson,  1956;  Curran  and  Solomon,  1957;  Clarkson  and 
Rothstein,  1960;  Gilman  and  Koelle,  1960;  Annegerrs,  1961;  Parsons  and 
Wingate,  1961  and  Rossi  and  Capraro,  1961). 

Although  many  investigators  believe  that  water  transfer  from  the  gut 
is  not  a  simple  process,  varied  views  exist  as  to  the  mechanisms  involved. 
Visscher  et  al.  (1944)  concluded  that  water  flowed  across  the  intestinal 
epithelium  in  both  directions  and  that  differences  in  solute  content  of 
the  water  and  in  rate  of  flow  in  each  direction  determined  the  direction 
and  magnitude  of  net  solute  transport.  Investigations  by  Fisher  (1954) 
and  Smyth  and  Taylor  (1954)  appeared  to  substantiate  Visscher' s  (1944) 
hypothesis  by  demonstrating  that  water  transport  occurred  against  large 
artificial  osmotic  gradients  which  were  established  between  the  serosa 
and  mucosa  of  the  gut  with  sodium  bicarbonate.  From  these  results  water 
transport  was  concluded  to  be  an  active  process  by  which  solutes  could 
be  passively  absorbed  in  an  actively  transported  water  stream  (Fisher, 
1954).  Later  investigations  indicated  that  glucose  must  be  present  in 


4 


the  lumen  of  the  gut  for  water  transfer  to  occur  and  that  substances  such 
as  urea,  creatine  and  sorbitol  were  not  absorbed  unless  water  transfer 
occurred  (Fisher,  1955).  Smyth  and  Taylor  (1955)  observed  a  substantial 
reduction  in  water  movement  when  the  gut  was  treated  with  metabolic 
respiratory  inhibitors  such  as  monoiodoacetate  or  phlorhizin.  The  latter 
results  indicate  an  energy  requirement  for  water  transfer  and  appear  to 
substantiate  the  hypothesis  that  water  transport  is  an  active  phenomenon. 

Another  hypothesis  concerning  mechanisms  of  water  transport  in  the 
gut  links  water  transfer  to  solute  transport.  Curran  and  Solomon  (1957) 
observed  that  water  movement  across  the  ileum  of  the  rat  varied  directly 
with  sodium  movement;  in  the  absence  of  sodium,  water  absorption  was 
greatly  reduced.  Curran  (1960)  found  a  decrease  in  water  absorption 
when  sodium  was  absent,  even  though  glucose  was  present  in  the  lumen  of 
the  ileum.  The  relationship  between  sodium  and  water  absorption  has  been 
confirmed  by  other  investigators  (Clarkson  and  Rothstein,  1960;  Annegers, 
1961  and  Rossi  and  Copraro,  1961).  In  the  light  of  these  observations, 
Curran  (1960)  postulated  that  water  absorption  was  a  passive  process 
dependent  upon  net  solute  flow;  the  effect  of  glucose  on  water  transport 
was  secondary  and  related  to  supplying  energy  for  the  active  transpor¬ 
tation  of  solutes.  More  recently,  Curran  and  Macintosh  (1962)  have 
developed  an  artificial  model  system  for  biological  water  transportation 
which  exhibits  many  of  the  water  movement  characteristics  shown  by  the 
gut.  Results  obtained  with  the  artificial  model  system  lend  further 
support  to  the  hypothesis  that  water  transport  across  the  intestinal 
epithelium  is  a  passive  process  closely  linked  with  the  active  transpor¬ 


tation  of  solutes. 
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B.  Water  Movement  Through  the  Reticulo- rumen  Epithelium 

The  importance  of  absorption  to  the  maintenance  of  an  active  microbial 
population  within  the  reticulo-rumen  and  consequently  to  the  general  nu¬ 
trition  and  physiology  of  the  animal  has  prompted  many  investigations 
into  the  absorption  of  substances  through  the  epithelium  of  the  rumen 
(Parthasarathy  and  Phillipson,  1953;  Annison  and  Lewis,  1959  and  Dobson, 
1961).  Trautmann  (1933)  was  among  the  first  to  observe  absorption  by  the 
ruminal  epithelium  when  he  demonstrated  that  atropine  and  pilocarpine 
passed  rapidly  from  the  rumen  to  the  peripheral  circulation.  The  absorp¬ 
tion  of  volatile  fatty  acids  from  the  rumen  was  first  demonstrated  by 
Barcroft,  McAnally  and  Phillipson  (1944).  The  absorption  of  inorganic 
ions,  urea,  ammonia  and  many  other  substances  from  the  rumen  has  been 
thoroughly  discussed  by  Dobson  (1961). 

Jr 

Water  absorption  from  the  rumen  was  first  demonstrated  by  Trautmann 
(1933).  Dobson  (1961)  states  "there  is  no  reason  to  suspect  that  water 
in  the  reticulo-rumen  does  not  follow  the  osmotic  gradient  between  plasma 
and  reticulo-rumen  contents,  however,  the  problem  needs  further  investi¬ 
gation".  In  1953,  Parthasarathy  and  Phillipson  demonstrated  osmotic 
gradients  between  the  contents  of  the  reticulo-rumen  and  the  blood 
indicating  that  water  absorption  from  the  rumen  was  possible.  Water 
movement  in  both  directions  across  the  rumen  epithelium  was  demonstrated. 
Hyde^n  (1961a)  observed  net  water  absorption  from  the  rumen  when  normal 
ingesta  was  present;  however,  net  water  inflow  occurred  in  one  experiment. 
Hyden  (1961a)  estimated  the  mean  net  water  absorption  rate  across  the 
rumen  epithelium  of  adult  goats  to  be  0.15  liters  per  hour. 

Studies  on  water  absorption  have  been  attempted  mainly  by  measuring 
changes  in  rumen  volume  with  time.  These  measurements  were  either  made 
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physically  (Parthasaratny  and  Phillipson,  1953)  or  by  using  an  inert 
marker  such  as  polyethylene  glycol  4000  (Hyden,  1961a  and  1961c).  The 
results  obtained  only  depicted  net  water  movements  across  the  rumen 
epithelium  and  did  not  separate  water  inflow  from  water  outflow. 

Engelhardt  (1963a  and  1963b)  introduced  the  use  of  tritium  oxide 
for  measurement  of  water  movements  across  the  rumen  epithelium  and  was 
able  to  estimate  water  inflow  and  water  outflow  rates  as  well  as  net 
water  absorption  rates.  Using  this  procedure  he  estimated  a  mean  water 
exchange  of  42  liters  per  day  across  the  rumen  wall  of  adult  goats. 

Large  variations  in  the  exchange  rates  were  observed  over  short  time 
intervals,  varying  from  7.1  liters  per  day  to  71  liters  per  day.  In 
vitro  experiments  with  a  diffusion  apparatus  (Engelhardt,  1963a),  using 
fresh  rumen  epithelium  from  sheep, gave  results  comparable  to  jLn  vivo 
studies  with  goats. 

Engelhardt  (1963c)  observed  a  reduction  in  net  fluid  inflow  into 
the  rumen  when  the  pH  of  the  rumen  liquor  was  increased  above  7.2  with 
ammonia.  Concurrent  with  the  reduced  fluid  inflow,  a  reduction  in  sodium 
and  volatile  fatty  acid  absorption  was  observed  together  with  an  increase 
in  heart  rate  and  peripheral  blood  pressure.  These  results  lend  support 
to  his  earlier  hypothesis  (Engelhardt,  1963a)  that,  besides  the  osmotic 
gradients  which  exist,  blood  circulation,  blood  pressure  and  absorption 
and  secretion  of  nutrients  through  the  rumen  epithelium  may  all  be 
involved  in  the  regulation  of  water  movement  across  the  rumen  epithelium. 
C.  Omasal  and  Abomasal  Water  Transfer 

Attempts  to  relate  the  functions  of  the  omasum  of  ruminants  to  its 
unique  structure  have  resulted  in  many  theories  on  the  functional  role 
of  the  omasum  in  ruminant  digestion.  Early  workers  postulated  that  the 
omasum  functioned  in  the  removal  of  water  from  ingesta  by  compressing 
the  ingesta  between  the  omasal  laminae  (Schalk  and  Amadon,  1928).  From 
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later  experiments  in  which  the  soluble  nitrogen  of  the  fluids  entering 
and  leaving  the  omasum  were  determined,  Gray  et  al.  (1954)  concluded  that 
it  was  unlikely  that  the  omasum  squeezes  fluid  out  of  the  ingesta.  A 
large  portion  of  the  solid  ingesta  from  the  reticulum  is  now  postulated 
to  enter  the  laminae  while  most  of  the  fluid  passes  to  the  abomasum 
(Benzie  and  Phillipson,  1957). 

Trituration  of  ingesta  between  the  laminae  has  been  suggested  as  a 
means  of  reducing  particle  size  (Schalk  and  Amadon,  1928  and  Becker, 

1937).  The  view  that  the  omasum  functions  in  trituration  is  not  commonly 
held  today  (Balch,  1961  and  Balch  and  Campling,  1962). 

Many  investigators  have  shown  the  omasum  to  play  a  role  in  the 
absorption  of  several  compounds.  Aggazotti  (1910)  demonstrated  a  high 
rate  of  glucose  absorption  from  the  omasum  although  the  disappearance  of 
glucose  from  other  portions  of  the  ruminant  forestomachs  was  insignifi¬ 
cant.  Significant  amounts  of  the  volatile  fatty  acids  which  pass  from 
the  reticulo-rumen  have  been  shown  to  be  absorbed  from  the  omasum  (Barcroft 
et  al.,  1944;  Masson  and  Phillipson,  1951;  Gray  et  al.,  1954;  Badawy  et  al., 
1958  and  Joyner  et  al.,  1963).  The  absorption  of  carbon  dioxide,  sodium, 
potassium,  chloride,  ammonia  and  bicarbonate  from  the  omasum  have  also 
been  reported  (Ekman  and  Sperber,  1952  and  Oyaert  and  Bouchaert,  1961). 

Aggazotti  (1910)  and  Trautmann  (1933)  indicated  that  the  omasum 
functions  in  the  absorption  of  water  from  ingesta.  By  observing  increases 
in  the  magnesium  and  calcium  concentrations  of  omasal  fluid,  Garton  (1951) 
concluded  that  water  absorption  occurs  in  the  omasum.  Similar  conclusions 
were  drawn  by  Masson  and  Phillipson  (1951)  when  studying  abomasal  ingesta 
composition.  Hyde^n  (1961a)  found  the  concentration  of  polyethylene  glycol 
4000  in  the  abomasum  and  reticulo-rumen  of  sheep  to  be  nearly  the  same. 
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It  was  concluded  that  the  same  volume  of  fluid  must  have  been  absorbed 
from  the  omasum  as  gastric  juice  secreted  in  the  abomasum;  this  indicated 
absorption  of  60  to  70  per  cent  of  the  water  entering  the  omasum,  corres¬ 
ponding  to  about  100  liters  of  water  per  day.  These  estimates  are  con¬ 
sistent  with  those  of  Gary  et  al.  (1954)  who  found  that  63  to  64  per  cent 
of  the  water  leaving  the  reticulum  was  absorbed  by  the  omasum  of  sheep. 
From  experiments  performed  under  anaesthesia,  Raynaud  and  Bost  (1957) 
estimated  water  absorption  from  the  omasum  to  be  40  to  80  milliliters 
per  hour  in  sheep.  Assuming  a  flow  rate  from  the  reticulum  to  the  omasum 
of  7  liters  per  day  (Hyden,  1961a) ,  the  rates  estimated  by  Raynaud  and 
Bost  (1957)  are  considerably  lower  than  those  proposed  by  Gary  et  al. 
(1954)  and  Hyde^i  (1961a). 

The  factors  responsible  for  such  high  rates  of  water  absorption  from 
the  omasum  have  not  been  completely  investigated.  Balch  (1961)  has 
postulated  that  the  muscular  pillar  of  the  omasal  wall  serves  to  press 
the  fluid  flowing  from  the  reticulum  against  the  omasal  leaves  to  enhance 
water  absorption.  The  omasum  has  been  observed  to  move  forward  and  down¬ 
ward  following  contraction  of  the  reticulum,  thus  forming  a  receptacle 
which  allows  the  contents  of  the  reticulum  to  pass  between  the  laminae 
(Benzie  and  Phillipson,  1957).  Oyaert  and  Bouckaert  (1961)  observed  a 
relationship  between  the  quantity  of  water  absorbed  from  the  omasum  and 
the  molar  concentration  of  the  omasal  contents.  They  did,  however, 
observe  that  small  amounts  of  water  were  absorbed  even  from  solutions 
hypertonic  to  the  blood  plasma.  It  was  suggested  that  marked  absorption 
of  different  ions  from  the  omasum  does  not  allow  solutions  placed  within 
it  to  remain  hypertonic  to  the  blood  plasma  for  any  period  of  time. 

The  physiological  function  of  the  absorption  of  water  and  some  ions 
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from  the  omasum  has  been  expressed.  Hill  (1961)  suggested  that  excess 
fluid  in  the  ingesta  entering  the  abomasum  may  hinder  digestion  by  diluting 
the  digestive  juices  secreted  and  that  the  absorption  of  water  from  ingesta 
passing  through  the  omasum  would  prevent  this  dilution.  The  absorption 
of  bicarbonate  (Oyaert  and  Bouckaert,  1961)  in  the  omasum  would  prevent 
the  neutralization  of  abomasal  acids  and  thus  enhance  digestion  in  the 
lower  gut. 

Information  pertaining  to  the  absorptive  capacities  of  the  abomasum 
is  very  limited.  Barcroft  et  al.  (1944)  observed  traces  of  volatile 
fatty  acids  in  blood  draining  the  abomasum,  indicating  that  small  amounts 
of  these  acids  may  be  absorbed  within  the  abomasum.  Ammonia  has  been 
shown  not  to  be  absorbed  from  the  abomasum  (McDonald,  1948)  but  a  net 
secretion  of  water,  sodium,  chloride  and  potassium  by  the  abomasum  has 
been  noted  by  Smith  (1962).  Hill  (1961)  concluded  it  was  unlikely  that 
significant  amounts  of  absorption  occur  in  this  region  of  the  gut,  since 
the  abomasum  appears  to  be  analogous  to  the  simple  stomach  of  monogastrics . 
Smith  (1962)  stated  that  the  possibility  of  absorption  occurring  from 
the  abomasum  cannot  be  overlooked  and  is  supported  by  Cope  et  al.  (1943) 
who  found  a  rapid  loss  of  deuterium  oxide  from  the  stomach  of  the  dog. 

D.  Saliva  Secretion  in  Ruminants 

The  most  efficient  utilization  of  food  by  ruminants  depends  on  the 
preservation  of  a  favorable  intra-rumen  environment  for  continuous 
microbial  activity  and  the  addition  of  saliva  to  the  reticulo-rumen  is 
undoubtedly  an  important  means  of  maintaining  such  an  environment  (Bailey, 
1961b  and  Bailey  and  Balch,  1961a)  Large  volumes  of  alkaline  and  well 
buffered  saliva  are  secreted  by  ruminants  each  day  (Annison  and  Lewis, 

1959  and  Ash  and  Kay,  1963).  Saliva  helps  stabilize  the  pH  of  the 
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fermenting  digesta  (Turner  and  Hodgetts,  1955),  maintains  the  ionic  com¬ 
position  of  the  rumen  contents  (Bailey,  1961b),  promotes  a  fluid  ingesta 
thus  participating  in  the  continuous- flow  system  characteristic  of  the 
re ticulo- rumen  (Adler  and  Dye,  1957  and  Annison  and  Lewis,  1959)  and  aids 
in  the  mastication  and  swallowing  of  dry  foodstuffs  by  acting  as  a  lubri¬ 
cant  (Annison  and  Lewis,  1959).  Through  these  means  ruminant  saliva  can 
influence  the  production  and  absorption  of  volatile  fatty  acids  within  the 
reticulo-rumen,  the  motility  of  the  reticulo-rumen  (McManus,  1962)  and  the 
development  of  undesirable  conditions  within  the  rumen  such  as  bloat  (Weiss, 
1953  and  Mendel  and  Boda,  1961).  A  correlation  between  the  development  of 
salivary  secretion  and  rumen  development  has  been  noted  in  young  goats  (Kay, 
1960a)  and  lambs  (Tribe  and  Peel,  1963  and  Wilson,  1963a).  Lambs  with 
normally  developed  rumens,  produced  on  roughage  diets,  showed  a  regression 
in  salivary  production  to  an  immature  level  when  switched  to  milk  diets 
(Wilson,  1963a) ,  indicating  that  the  character  of  saliva  production  is 
dependent  upon  existing  conditions  within  the  rumen. 

The  total  salivary  secretion  of  sheep  is  a  composite  secretion  of 
the  paired  parotid,  submaxillary,  inferior  molar,  sublingual  and  labial 
salivary  glands  and  the  diffuse  palatine,  buccal  and  pharyngeal  salivary 
glands  of  the  mouth  (Kay,  1960b).  The  parotid  salivary  glands  contribute 
the  bulk  of  the  salivary  secretions  (Kay  and  Phillipson,  1959)  and  show 
a  continuous  basal  flow  of  0.2  -  2.3  ml/min  even  after  denervation  (Kay, 
1958).  The  submaxillary,  inferior  molar,  labial,  palatine,  buccal  and 
pharyngeal  salivary  glands  also  show  a  low  continuous  flow  although  it 
is  not  known  whether  this  flow  is  dependent  upon  some  innervation  or  not 
(Kay,  1960b) .  Superimposed  over  the  continuous  basal  flow  of  the  parotid 
and  other  salivary  glands  is  a  reflex  secretion  with  the  afferent  receptors 
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located  in  various  areas  of  the  digestive  tract  (Ash  and  Kay,  1959;  Kay 
and  Phillipson,  1959;  Kay,  1960b  and  Comline  and  Titchen,  1961). 

Secretion  from  the  parotid  gland  has  been  shown  to  be  greatly 
increased  by  tactile  stimulation  of  the  mouth,  thoracic  esophagus  and 
cardia  (Kay,  1958;  Ash  and  Kay,  1959;  Kay  1960b  and  Comline  and  Titchen, 
1961)  while  tactile  stimuli  applied  to  the  esophageal  groove,  rumen 
fold  and  reticular  epithelium  were  somewhat  less  effective  (Kay,  1958). 
Physical  stretching  of  the  terminal  esophagus,  cardia,  rumen  fold  and 
the  reticulo-omasal  orifice  resulted  in  large  increases  in  parotid 
secretion  (Ash  and  Kay,  1959). 

Wilson  (1963b)  has  reported  saliva  secretion  rates  of  sheep  were 
lowest  at  the  beginning  of  the  rest  period  (not  eating  or  ruminating) 
and  gradually  increased  to  a  peak  at  the  end  of  the  rest  period.  The 
resting  secretion  rate  was  also  increased  by  partial  evacuation  of  the 
rumen  and  by  increased  feed  intake,  however,  the  addition  of  fluids  to 
the  rumen  reduced  the  resting  saliva  secretion  rate.  Feeding  hay  ground 
through  a  1/16  inch  screen  increased  saliva  production  by  25  per  cent  as 
compared  to  sheep  fed  long  hay  while  finer  grinding  decreased  saliva 
secretion  as  much  as  61  per  cent  (Wilson  and  Tribe,  1963).  A  constant 
feed  intake  was  maintained  throughout  these  experiments. 

A  great  many  estimations  of  the  total  daily  saliva  production  of 
sheep  have  been  made.  All  results  seem  to  indicate  a  mean  value  of  10 
liters  daily  (Kay,  1960b)  however  the  individual  variation  in  daily 
secretion  is  quite  large  and  under  specific  conditions  the  total  daily 
saliva  production  may  be  as  great  as  30  liters  daily  (Wilson,  1963c). 

Sodium,  potassium,  bicarbonate,  phosphate  and  chloride  are  the  main 
ionic  components  of  ruminant  saliva  (Denton,  1956  and  Bailey  and  Balch, 
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1961b).  By  the  establishment  of  a  unilateral  parotid  fistula,  2-4 
liters  of  saliva  per  day  can  be  excluded  from  the  sheep  causing  consider¬ 
able  losses  of  electrolytes;  sodium  bicarbonate  being  the  most  critical 
loss  (Goding  and  Denton,  1956).  If  the  sodium  bicarbonate  losses  are 
returned  to  the  sheep,  normal  saliva  electrolyte  levels  and  a  normal 
Na+:K+  ratio  of  18  will  be  maintained.  If  the  sodium  bicarbonate  losses 
are  not  replaced,  total  parotid  secretion  will  decline  to  1  liter  per 
day  and  the  Na  :K  ratio  will  decrease  to  as  low  as  0.5  (Denton,  1956). 
Similar  results  have  been  observed  with  sodium  depleted  cattle  (Bailey 
and  Balch,  1961a).  Investigations  into  the  regulation  of  the  Na+:K+ 
ratio  of  saliva  demonstrated  that  the  adrenal  steroids  controlled  the 
saliva  electrolyte  levels  in  relation  to  the  entire  electrolyte  balance 
of  the  animal  (Goding  and  Denton,  1956) . 

Increased  saliva  secretion  in  sheep  was  found  to  be  associated  with 
an  increase  in  sodium  and  bicarbonate  and  a  decrease  in  potassium  and 
phosphate  concentrations  (Coats  and  Wright,  1957).  No  significant 
changes  occurred  in  the  osmolarity  of  the  saliva  over  a  wide  range  of 
secretion  rates.  A  similar  effect  of  secretion  rate  on  saliva  electrolyte 
levels  has  been  observed  in  cattle  (Bailey  and  Balch,  1961a).  These 
results  would  indicate  that  the  salivary  secretions  can  maintain  their 
normal  isotonic  relationship  to  the  blood  plasma  (Kay,  1960b)  over  a 
wide  range  of  secretion  rates. 

E.  Physiological  and  Chemical  Responses  Associated  with  the  pH  of 

Rumen  Ingesta 

The  pH  of  the  rumen  contents  of  sheep  varies  from  5.4  to  7.3  under 
normal  feeding  conditions  (Phillipson,  1942).  The  ingesta  pH  exhibits 
diurnal  variations  related  to  the  feeding  cycle;  the  pH  falls  after 
feeding,  reaching  the  lowest  point  3-6  hours  later,  then  shows  a  steady 
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rise  to  a  maximum  value  just  before  the  next  feeding  (Phillipson,  1942 
and  Briggs  et  al.,  1957).  These  diurnal  fluctuations  in  the  pH  of  the 
rumen  ingesta  are  found  to  be  closely  associated  with  the  level  of  vola¬ 
tile  fatty  acid  production  within  the  reticulo-rumen  (Briggs  et  al., 
1957);  the  peak  volatile  fatty  acid  production  occurring  3-6  hours 
after  feeding  (Phillipson,  1942;  Masson  and  Phillipson,  1951;  Briggs  et 
al.,  1957;  Annison  and  Lewis,  1959  and  Blaxter,  1962).  Rumen  ingesta 
with  pH  values  below  5  has  been  observed  under  conditions  of  high  glucose 
fermentation  which  lead  to  the  production  of  lactic  acid  (Phillipson, 
1942;  Kiddle  et  al.,  1951;  Briggs  et  al.,  1957  and  Ash,  1959).  Clark 
and  Lombard  (1951)  and  Masson  and  Phillipson  (1951)  observed  that  the  pH 
of  the  rumen  contents  could  easily  be  raised  as  high  as  9.0  -  10.0  by  the 
addition  of  base,  however,  the  pH  rapidly  fell  to  7.2  -  7.6  taking  6-8 
hours  to  return  to  normal.  Highly  alkaline  pH  values  were  not  observed 
under  normal  feeding  conditions. 

The  role  of  saliva  as  a  buffering  agent  within  the  rumen  is  well 
known;  however,  there  is  evidence  that  the  absorptive  properties  of  the 
rumen  epithelium  also  play  a  part  in  maintaining  a  relatively  stable  pH 
in  the  rumen  contents.  When  volatile  fatty  acids  are  absorbed  from  the 
isolated  rumen,  continual  additions  of  acid  are  required  to  maintain  an 
ingesta  pH  below  6;  it  has  been  suggested  that  at  a  low  pH,  un- ionized 
fatty  acids  leave  the  rumen  more  rapidly  than  the  corresponding  anion 
(Danielli  et  al.,  1945).  Masson  and  Phillipson  (1951)  observed  a  close 
relationship  between  the  appearance  of  total  carbon  dioxide,  mainly  as 
bicarbonate  and  the  disappearance  of  volatile  fatty  acids.  More  recent 
investigations  (Ash  and  Dobson,  1963)  have  conclusively  demonstrated 
that  the  uptake  of  volatile  fatty  acids  from  the  rumen  is  accompanied 
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by  consumption  of  carbon  dioxide  and  production  of  bicarbonate  within 
the  rumen  solution  due  to  the  penetration  of  un-ionized  fatty  acids  across 
the  rumen  epithelium.  At  a  neutral  pH,  about  half  of  the  volatile  fatty 
acids  cross  the  rumen  epithelium  in  the  un-ionized  form  allowing  the 
plasma  to  neutralize  these  volatile  fatty  acids  through  the  mediation 
of  tissue  buffers  (Dobson,  1961;  Blaxter,  1962  and  Ash  and  Dobson,  1963). 
The  amount  of  fatty  acid  so  neutralized  is  thought  to  be  similar  to  the 
amount  neutralized  by  saliva  (Ash  and  Dobson,  1963). 

The  introduction  of  buffered  volatile  fatty  acid  solutions  at  pH 
3.6  -  5.0  into  the  isolated  rumen  of  sheep  was  found  to  inhibit  rumen 
mobility,  produce  a  marked  fall  in  the  pH  value  and  cause  a  marked  rise 
in  the  volatile  fatty  acid  concentration  of  the  carotid  blood  (Ash,  1956 
and  Ash,  1959).  The  addition  of  buffered  volatile  fatty  acids  has  also 
been  shown  to  cause  a  transient  rise  in  parotid  saliva  secretion  (Ash 
and  Kay,  1959).  The  addition  of  buffered  non-fatty  acid  solutions  in  a 
similar  pH  range  and  concentration  did  not  alter  rumen  motility  nor  did 
they  produce  rapid  or  marked  changes  in  the  pH  of  the  carotid  blood 
(Ash,  1956  and  Ash,  1959).  The  introduction  of  volatile  fatty  acid  vapors 
into  the  rumen  were  found  to  inhibit  its  motility  without  altering  carotid 
blood  pH  (Ash,  1959).  From  these  results  Ash  (1959)  concluded  that  the 
pH  effects  on  rumen  motility  were  not  simply  local  ones  but  were  related 
to  the  penetration  of  the  volatile  fatty  acids  through  the  forestomach 
epithelium  which  cause  peripheral  stimulation  of  chemoreceptors  in  the 
forestomach  region.  A  similar  suggestion  was  made  by  Phillipson  (1955), 
however,  experimental  evidence  was  lacking  at  that  time.  Depression  of 
the  rumen  ingesta  pH  with  volatile  fatty  acids  has  also  been  shown  to 
increase  rumen  blood  flow;  an  effect  not  observed  with  other  acids 
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(Dobson  and  Phillipson,  1956). 

The  introduction  of  alkali  into  the  reticulo- rumen  or  the  intravenous 
injection  of  alkali  has  been  shown  to  depress  the  amplitude  or  completely 
inhibit  rumen  contractions  in  sheep  (Clark  and  Lombard,  1951).  Engelhardt 
(1963b)  has  demonstrated  a  reduction  in  sodium  and  volatile  fatty  acid 
absorption  and  in  water  movements  from  the  rumen  of  goats  by  the  addition 
of  ammonia  solutions.  These  effects  were  attributed  to  a  temporary  in¬ 
hibition  of  the  respiratory  metabolism  of  the  rumen  epithelium.  Investi¬ 
gations  into  the  toxic  effects  of  feeding  urea  to  sheep  have  indicated 
that  toxic  urea  levels  (25  g  per  100  lb  body  wt)  produced  an  elevated 
rumen  pH  of  8.4  (Clark  et  al.,  1951  and  Oltjen  et  al . ,  1963).  The  toxic 
effects  of  urea  in  sheep  were  attributed  to  the  physiological  effects 
of  a  high  rumen  ingesta  pH  and  high  rumen  ingesta  ammonia  levels  (Clark 


et  al . ,  1951) . 
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EXPERIMENTS  AT  UNIVERSITY  OF  ALBERTA 


Experiments  were  designed  to  study: 

I.  Water  transfer  across  the  rumen  epithelium  of  sheep. 

II.  Saliva  secretion  in  sheep. 

Experimental  (General) 

1.  Surgical  Preparation  of  Experimental  Animals 

Esophageal,  rumen  and  omasal  fistulas  (Fig.  1)  were  established  in 
sheep  to  enable  collection  of  total  salivary  secretion,  isolation  of  the 
reticulo- rumen  and  sampling  of  rumen  ingesta.  In  order  that  there  would 


Esophageal  fistula 


Rumen  fistula 


Omasal  fistula 


FIG.  1.  Esophageal,  Rumen  and  Omasal  Fistulas  in  the  Sheep 
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be  minimal  interference  with  the  innervation  and  circulation  supplying 
the  organs  and  as  little  displacement  of  the  organs  as  possible  the 
following  f istulat ion  procedures  were  employed.  All  cannulas  and  fistula 
plugs  were  constructed  as  outlined  in  Appendix  1  and  the  postoperative 
performance  of  the  sheep  is  discussed  in  Appendix  2. 

a.  Esophageal  Fistulation  Procedure 

Food  was  not  withheld  from  the  sheep  for  this  fistulation  procedure. 
The  ventral  surface  of  the  neck  was  closely  shorn,  thoroughly  cleansed 
with  soapy  water  and  the  skin  painted  with  2%  iodine  in  alcohol.  Sheep 
were  then  given  10  cc  of  trif lupromazine  hydrochloride-*-  by  jugular 
injection  to  produce  pronounced  tranquility.  This  procedure  enabled 
laying  the  animal  on  its  side  without  excessive  struggling  during  the 
operation.  The  neck  region  was  then  anaesthetized  locally  with  lidocaine 
hydrochloride  containing  2 °L  epinephrine^.  Care  was  taken  at  this  point 
to  ensure  that  the  saliva  could  drain  freely  from  the  mouth  since 
swallowing  appeared  to  be  inhibited  by  the  local  anaesthetic. 

After  placing  the  animal  on  its  side,  a  4  inch  incision  was  made 
from  the  jaw  bone  angle  posteriorly,  directly  over  the  trachea.  The 
esophagus  was  located  by  splitting  the  omohyoid  muscle  and  the  ensuing 
facia  and  connective  tissue.  A  1/2  inch  incision  was  made  through  the 
esophageal  muscle  in  a  region  near  the  center  of  the  skin  incision  which 
was  devoid  of  large  blood  vessels  and  nervous  tissue.  The  esophageal 
cannula  was  inserted  through  the  incision  into  the  lumen  of  the  esophagus 
and  secured  in  place  with  a  purse-string  suture  of  chromic  gut. 

1.  Vesprin,  kindly  donated  by  E.  R.  Squibb  &  Sons,  Montreal. 

2.  Xylocaine  with  2 %  epinephrine,  Astra  Pharmaceuticals  (Canada)  Ltd., 
Toronto . 


18 


The  entire  operative  area  was  then  dusted  with  an  antibiotic  powder^. 
The  omohyoid  muscle,  facia  and  connective  tissue  were  than  positioned 
around  the  barrel  of  the  cannula  and  secured  in  place  with  interrupted 
sutures  of  chromic  gut.  The  skin  incision  was  closed  around  the  cannula 
with  interrupted  sutures  of  dermalin. 

The  cannula  was  held  in  position  by  fitting  it  through  a  leather 
collar  placed  around  the  neck  of  the  sheep  (Fig.  1).  Rubber  rings  on 
the  outer  diameter  of  the  cannula,  above  and  below  the  leather  collar, 
ensured  that  the  cannula  would  not  be  pulled  out  of  or  pushed  too  far 
into  the  esophagus. 

Sheep  were  given  600,000  I.U.  of  procaine  penicillin  G  and  0.57  g 
dihydrostreptomycin^  by  intra-muscular  injection  immediately  after  surgery. 
The  fistulas  were  observed  closely  for  1  week  to  be  sure  the  cannula  posi¬ 
tion  was  maintained  and  that  infection  did  not  develop.  Ten  days  post- 
operatively  the  skin  sutures  were  removed  and  the  fistula  carefully 
examined  to  be  sure  the  cannula  was  properly  positioned. 

b.  Rumen  Fistulation  Procedure 

Large  diameter  rumen  fistulas  were  prepared  using  the  method  outlined 
by  Mendel  (1961)  with  the  following  modifications.  The  sheep  received 
10  cc  of  trif lupromazine  hydrochloride1  approximately  1/2  hour  before 
surgery  to  produce  a  pronounced  tranquility  to  prevent  excessive  move¬ 
ment  during  surgery.  Following  the  surgical  production  of  the  rumen 
fistula  the  exposed  tissues  were  dusted  with  an  antibiotic  powder-^  and 
the  fistula  plug  was  inserted.  Immediately  following  surgery  the  sheep 
were  injected  with  600,000  I.U,  of  procaine  penicillin  G  and  0.75  g 

3.  Eye  and  wound  powder,  Ayerst,  McKenna  and  Harrison  Ltd. ,  Montreal. 

4.  Procaine  Penicillin  G  with  Dihydrostreptomycin,  O.M.  Iranklin,  Denver, 

Colo.  ,  USA. 


19 


O 

dihydrostreptomycin  .  The  fistula  plug  was  not  removed  for  7-10  days 
after  surgery,  however,  once  daily  for  2-3  days  after  surgery  the  outer 
flap  of  the  plug  was  gently  pushed  aside  and  the  suture  line  dusted  with 
an  antibiotic  powder^. 

c.  Omasal  Fistulation  Procedure 

After  food  had  been  withheld  for  24  hours  sheep  were  tranquilized  with 
2  cc  of  trif lupromazine  hydrochloride1  after  which  surgical  anaesthesia 
(as  indicated  by  pupilary  dilation  and  the  disappearance  of  pain  reflexes) 
was  induced  by  jugular  injection  of  pentobarbital  sodium^.  Standard 
aspectic  techniques  were  employed  in  skin  preparation  and  throughout  the 
surgery. 

The  fistulation  procedure  involved  a  paramedial  abdominal  incision, 
on  the  right  side  of  the  midline,  to  identify  and  allow  positioning  of 
the  omasum  and  a  thoracic  incision  through  which  the  omasal  fistula  was 
established.  The  paramedial  abdominal  incision,  approximately  8  inches 
long,  began  at  the  sternum  and  proceeded  posteriorly.  The  abomasum  and 
small  ingestines  were  isolated  from  the  omasum  with  sterile  cloths  and 
the  omasum  shifted,  with  minimal  displacement,  between  the  right  lobes 
of  the  liver  to  a  location  under  the  6th  or  7th  rib. 

A  4  inch  costal  incision  was  then  made  from  the  costro-chondral 
junction  dorsally  and  directly  over  the  6th  or  7th  rib.  The  periosteum 
was  stripped  from  the  rib  and  a  2  1/2  inch  section  of  the  rib  removed. 

A  2  inch  incision  was  then  made  through  the  medial  periosteum,  internal 
intercostal  muscle  and  costal  pleura  into  the  thoracic  cavity,  exposing 
the  right  costal  portion  of  the  diaphragm.  To  minimize  the  extent  of 


5.  Nembutal,  Abbot  Laboratories,  Montreal. 
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pneumothorax  thus  produced,  the  diaphragm  was  pressed  (by  an  assistant) 
against  the  rib  cage  by  inserting  the  hand  through  the  abdominal  incision. 
The  diaphragm  was  sutured  to  the  costal  pleura  and  muscles  with  semi- 
continuous  gut  sutures. 

Next,  a  2  inch  incision  was  made  through  the  diaphragm.  The  omasum 
was  brought  into  position  with  its  greater  curvature  directly  under  the 
incision  and  sutured  to  the  diaphragm  and  costal  musculature  with  gut 
sutures.  The  skin  was  drawn  into  the  incision  and  sutured  securely  to 
the  omasum  with  gauze  button  sutures;  the  apexes  of  the  costal  incision 
were  closed  with  interrupted  sutures.  The  abdominal  incision  was  closed 
by  standard  procedures. 

Immediately  following  surgery,  sheep  were  given  1,000,000  I.U.  of 
procaine  penicillin  G  and  1.25  g  of  dihydrostreptomycin  by  intramuscular 

injection.  On  the  1st  and  2nd  postoperative  days,  600,000  I.U.  of 

2 

procaine  penicillin  G  and  0.75  g  of  dihydrostreptomycin  were  administered. 

Omasal  seepage  began  5  to  8  days  postoperat ively ,  indicating  the 
formation  of  the  omasal  fistula.  One  to  2  days  after  the  appearance  of 
seepage,  the  sheep  were  tranquilized  by  jugular  injection  of  2  cc  of 
trif  lupromazine  hydrochloride''- and  a  rubber  cannula  (Jarret,  1948)  placed 
in  the  fistula.  A  heavy  fat  layer  over  the  ribs  of  some  mature  ewes 
necessitated  lengthening  the  cannula;  a  1  to  2  inch  strip  of  "chemical- 
cure"  rubber^  bonded  into  the  barrel  of  the  cannula  gave  the  desired 
length  (2  1/2  to  3  inches;  see  Appendix  1). 

2.  Care  and  Feeding  of  Experimental  Animals 

Three  mature  ewes,  3-4  years  of  age,  with  esophageal,  rumen  and 


6.  Product  888,  Petroleum  Rubber  Ltd.,  Edmonton. 
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omasal  fistulas  were  used  as  experimental  animals.  The  sheep  were  housed 

in  small  pens  (6  ft  x  4  ft)  in  a  large  barn.  The  pen  temperatures  varied 
from  60  -  70  F. 

When  experimental  trials  were  to  be  performed,  the  ewes  were  removed 
from  the  pens  and  taken  to  the  laboratory,  approximately  100  yards  away, 

1  hour  before  commencing  the  trial.  They  were  kept  in  metabolism  crates 
throughout  the  trial  and  after  each  trial  they  were  returned  to  the  barn. 

Sheep  were  fed  1  1/2  lb  of  chopped  alfalfa  hay  (1/2  inch  particle 
length)  and  were  given  6  liters  of  water  at  12:00  noon  and  6:00  PM.  Since 
this  amount  of  hay  was  consumed  in  a  few  minutes,  measurement  of  post¬ 
feeding  time  began  at  12:00  noon  and  6:00  PM.  Water  was  left  with  the 
sheep  for  1  hour ,  after  which  time  it  was  removed  and  consumption  of 
feed  and  water  was  recorded  (Appendix  2).  A  mineral  mix  of  1/3  bonemeal, 
1/3  ground  limestone  and  1/3  cobalt- iodized  salt  was  continuously 
available  to  each  sheep. 

A  6  week  adaptation  period  was  allowed  following  the  last  operation 
before  the  sheep  were  used  for  experimentation.  Once  every  2  weeks, 
sheep  were  washed  and  the  fistulas  carefully  cleaned  and  examined.  Any 

infections  observed  at  this  time  or  while  the  animals  were  under  experi- 

3 

mentation,  were  treated  by  dusting  with  an  antibiotic  powder  or  by 
intra-muscular  injection  of  100,000  I.U.  of  procaine  penicillin  G  and 
0.125  g  dihydrostreptomycin,  depending  on  the  degree  of  infection. 

3.  Methods  of  Isolating  the  Rumen  from  the  Remainder  of  the  Alimentary 

Tract 

Rumen  isolation  procedures  were  developed  utilizing  the  omasal  and 
esophageal  fistulas.  Using  "chemical-cure"  rubber,  two  plugs  were  con¬ 
structed.  One  plug  (Fig.  2)  was  used  to  block  the  reticulo-omasal 


. 
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if ice ,  preventing  the  passage  of  ingesta  onward  to  the  omasum.  Another 
plug  (Fig.  3)  was  used  to  block  the  esophagus  at  the  cardia  to  prevent 
saliva,  which  may  have  passed  over  the  esophageal  fistula,  from  entering 
the  rumen  and  to  prevent  rumination  which  could  cause  losses  of  radio¬ 
active  water  from  the  rumen. 


FIG.  2.  Ret iculo-Omasal  Orifice  Plug  FIG.  3.  Cardial  Plug 

The  reticulo-omasal  orifice  plug  was  inserted  by  placing  the  plug 
in  the  reticulum  via  the  rumen  fistula.  With  a  hand  in  the  reticulum, 
the  stem  of  the  plug  was  gently  pushed  through  the  reticulo-omasal  orifice 
and  omasum  and  out  the  omasal  cannula.  By  clamping  a  large  surgical 
hemostat  on  the  stem  of  the  plug  (Fig.  4),  flush  with  the  outer  end  of 
the  omasal  cannula,  movement  of  the  plug  back  into  the  reticulum  was 
prevented.  At  the  end  of  each  trial  the  reticulo-omasal  orifice  plug 
was  removed  by  releasing  the  hemostat  and  pulling  the  plug  back  through 
the  reticulo- rumen. 

The  cardial  plug  was  put  in  place  by  inserting  a  small  rubber  tube 
(Fig.  3)  through  the  esophageal  fistula  and  down  the  esophagus.  The  end 
of  the  rubber  tube  was  pulled  out  of  the  rumen  fistula  where  the  cardial 
plug  was  tied  to  it  (Fig.  3).  The  tube  was  then  pulled  back  through  the 
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esophageal  fistula  until  the  plug  fit  snugly  against  the  cardia.  The 
rubber  tube  was  secured  to  the  leather  collar  around  the  sheep's  neck 
(Fig.  1)  with  a  surgical  hemostat.  The  cardial  plug  was  removed  at  the 
end  of  each  trial  by  releasing  the  securing  hemostat  and  pulling  the 
plug  and  tube  out  through  the  rumen  fistula. 

In  each  experiment  the  rumen  isolation  plugs  were  inserted  a  maximum 
of  10  min  before  the  trial  began. 


4.  Method  of  Saliva  Collection 

Saliva  was  collected  continuously  from  the  esophageal  fistula  during 
each  trial  by  placing  a  bicycle  inner  tube  (2  1/2  inch  diameter)  over 
the  esophageal  cannula.  The  saliva  drained  from  the  tube  into  a  plastic 
erlenmeyer  flask  placed  on  the  floor  (Fig.  4).  During  the  appropriate 
trials  saliva  was  collected  either  with  the  cardia  plug  in  position  or 
with  the  plug  removed. 


FIG.  4.  Saliva  Collection  Apparatus 


3.  Re ticulo- rumen  Fluid  Volume  Determinations 


Re ticulo- rumen  fluid  volume  was  determined  using  polyethylene  glycol 


- 
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4000^  as  an  inert  reference  substance.  Procedures  for  the  measurement 
of  rumen  volume  as  outlined  by  Hyden  (1961c)  were  followed  with  minor 
modifications . 

In  Experiment  I,  4.5  to  5.5  g  of  polyethylene  glycol  4000  from  a 
freshly  prepared  stock  solution  was  added  to  the  rumen  in  100  -  150  ml 
distilled  water  at  time  0  and  thoroughly  mixed  by  hand  for  a  minimum  of 
2  minutes.  Concentrations  of  polyethylene  glycol  in  stock  solutions  and 
in  rumen  samples  were  determined  by  the  procedure  outlined  in  Appendix  3. 

Samples  of  ingesta  (25  -  50  ml)  were  removed  from  the  rumen  with  a 
sampling  ladle  at  15  min  intervals  and  squeezed  through  a  single  layer 
of  cheesecloth.  After  centrifugation  of  the  strained  material  for  5  min 
at  1200  -  1500  rpm,  the  supernatant  was  decanted  off  and  the  polyethylene 
glycol  4000  determined  on  a  1  ml  sample  of  the  supernatant  rumen  fluid. 

The  rumen  volume  was  calculated  at  each  15  min  interval  using  the 
following  equations: 

V'C'  +  p  =  (V'  +  L)C"  -  (1) 


V'  -  rumen  volume  in  ml 

L  =  ml  water  added  with  polyethylene  glycol  4000 
p  =  mg  of  polyethylene  glycol  4000  given 

C'  =  polyethylene  glycol  4000  concentration  (mg/ml)  before  dosage 

C"  =  polyethylene  glycol  4000  concentration  (mg/ml)  after  dosage. 

Since  the  polyethylene  glycol  4000  concentration  before  dosage  was 

always  0,  equation  1  reduces  to: 


V' 


(2) 


Each  25  -  50  ml  sample  of  ingesta  removed  a  small  amount  of 


7.  Carbowax  4000,  Union  Carbide  Canada  Ltd. ,  loronto,  Canada. 
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polyethylene  glycol  4000  from  the  total  dose  originally  added  to  the 
rumen.  Correction  for  this  loss  in  each  volume  calculation  after  time 
0  was  as  follows: 


pt  _  pt-15  _  (ct- 15 . yt- 15) 


(3) 


V 


P 

t- 15 

) 

t- 15 

t- 15 


t  = 


total  polyethylene  glycol  4000  (mg)  in  the  rumen  at  t  min 

total  polyethylene  glycol  4000  (mg)  in  the  rumen  at  t-15 
min 

polyethylene  glycol  4000  concentration  (mg/ml)  in  sample 
at  t-15  min 


=  ml  of  rumen  ingesta  sample  removed  at  t-15  minutes. 


The  above  correction  necessitated  a  change  in  the  calculation  of 


rumen  volume  as  given  in  the  following  equation: 


.  =  £. 


V'  = 


C"L 


C" 


(4) 


V'  =  rumen  volume  in  ml 


pt  =  total  corrected  polyethylene  glycol  4000  (mg)  in  rumen 
at  time  t  (from  equation  3) 

C"  =  polyethylene  glycol  4000  concentration  (mg/ml)  in  rumen 
sample  at  time  t 

L  =  ml  water  added  with  polyethylene  glycol  4000  dose. 

Rumen  volumes  used  in  subsequent  calculations  were  obtained  from  a 
linear  regression  equation  of  the  calculated  volumes  obtained  from 
equation  4. 


6.  Analytical  Procedures 
a.  Liquid  Scintillation  Counting 

The  determination  of  the  tritiated  water  content  of  the  rumen  ingesta 
and  saliva  samples  was  carried  out  with  a  model  725  Nuclear  Chicago  liquid 
scintillation  counter8  equipped  with  a  refrigerated  counting  chamber  and 


8.  Nuclear  Chicago  Corp. ,  Des  Plaines,  Ill.,  USA. 
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automatic  sample  changer,  three  output  scalers  and  four  energy  discrim¬ 
inator  adjustors.  All  scintillation  counting  was  done  at  40  F  and  all 
samples  stored  at  40  F  prior  to  counting.  Liquid  scintillation  samples 
were  prepared  as  outlined  in  Appendix  4. 

All  samples  were  counted  for  10  min  in  duplicate.  Any  counting 
series  not  showing  agreement  between  duplicates  were  recounted  for  10 
min  in  duplicate.  This  procedure  provided  a  safeguard  against  variations 
in  counts  due  to  unpredictable  events  involving  machine  failure. 

Quench  correction  standards  were  prepared  and  counted  with  each 
series  of  samples  to  allow  quench  corrections,  as  outlined  in  Appendix  5, 
and  were  applied  to  each  sample  count. 

b.  Freezing  Point  Determinations 

Freezing  point  determinations  were  made  on  each  sample  in  duplicate 
with  a  Sanborn  model  150-1100  AS  carrier  preamplifier  and  model  151 

Q 

Sanborn  recorder  equipped  with  a  thermistor  probe.  The  apparatus  was 
standardized  once  per  week,  using  freshly  prepared  1  Molal  dextrose 
(fp  -1.92  C) ,  as  outlined  below. 

After  setting  the  0  point  of  the  recorder  with  demineralized 
distilled  water  (Fig.  5,  point  A),  the  probe  circuit  and  recorder  paper 
tract  were  "switched  off"  and  the  thermistor  probe  inserted  into  the 
1  Molal  dextrose  solution.  The  probe  circuit  was  then  "turned  on"  (Fig. 
5,  point  B)  and  after  maximal  supercooling  was  reached  (Fig.  5,  point  C) , 
the  recorder  paper  was  set  in  motion.  The  rise  in  temperature  due  to 
latent  heat  of  fusion  of  ice  was  recorded  until  a  maximum  was  reached 
(Fig.  5,  point  D) ;  this  point  was  accepted  as  the  uncorrected  freezing 


9.  Sanborn  Instruments  Inc.,  Waltham,  Mass.,  USA. 
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point.  Throughout  the  above  procedure  the  sample  was  stirred  continuously 
by  raising  and  lowering  the  stirring  loop  (Fig.  6)  2  times  per  second. 

A  calibration  constant  was  determined  using  values  obtained  from 
recorded  measurements  (Fig.  5)  and  the  freezing  point  equation  outlined 
below  (Loomis  and  Schull,  1937). 


^  =  freezing  point  depression  corrected  for  supercooling 

S’  =  uncorrected  freezing  point  depression 

u  =  degrees  of  supercooling 

Let  x  =  calibration  constant  (c/mm) 

, r  .  v  (supercooling  in  mm)  (x)  (fp  in  mm)  (x) 

Then  =  (fp  m  mm)x  -  - ^ c ^ — 

oU 


1.92  =  12. Ox 


10 . Ox* 12 . Ox 
80 


x  =  0.16  C  at  attenuation  x  10 

or  0.08  C  at  attenuation  x  5. 

Based  on  the  above  calculations  1  mm  on  recorder  paper  was  equivalent  to 
0.08  C  at  attenuation  x  5. 

The  freezing  solution  consisted  of  ice  water  with  enough  NaCl  added 
to  lower  the  temperature  -10  C.  The  freezing  solution  was  contained  in 
a  wide  necked  vacuum  bottle  into  which  the  sample  of  rumen  fluid  to  be 
frozen  was  immersed  (Fig.  6). 

Rumen  ingesta  samples  were  taken  at  15  min  intervals,  squeezed 
through  a  single  layer  of  cheesecloth,  then  centrifuged  at  1200  -  1500 
rpm  for  5  minutes.  With  a  clean  volumetric  pipette,  two,  5  ml  samples 
of  supernatant  rumen  fluid  were  transferred  to  two,  10  ml  test  tubes. 

All  samples  were  sealed  immediately  with  a  clean  rubber  stopper.  Freezing 
point  determinations  were  carried  out  within  1  hour  after  removal  of  the 
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sample  from  the  rumen  following  the  same  procedure  as  outlined  for 
standardization. 

Freezing  point  determinations  were  also  made  on  the  serum  of  a 
sample  of  blood  taken  from  the  external  jugular  vein  at  the  end  of  each 
trial  replication.  The  serum  was  obtained  by  allowing  the  blood  to  clot 
in  a  slanted  test  tube  at  room  temperature  for  24  hours.  Five  ml  of 
serum  was  transferred  to  a  10  ml  test  tube  and  the  fp  determined  as 
outlined  for  the  rumen  fluid  samples. 

c.  Rumen  Ingesta  pH  Determinations 

Measurements  of  hydrogen  ion  concentration  were  made  on  each  rumen 
ingesta  sample  using  either  a  Beckman  Model  G  glass  electrode  pH  meter-*-® 
or  a  Photovolt  model  125  electronic  pH  meter'*''*-  equipped  with  calomel 
reference  electrodes  and  glass  measuring  electrodes. 

Ingesta  samples  for  pH  determinations  were  removed  from  the  rumen 
and  squeezed  through  a  single  layer  of  cheesecloth.  Because  of  rapid 
loss  of  CC>2  from  rumen  ingesta  on  exposure  to  air  the  pH  determinations 
were  made  within  30  sec  after  removal  of  ingesta  from  the  rumen.  Measure¬ 
ments  were  made  deep  within  the  ingesta  sample  since  CO2  losses  would  be 
much  slower  here  than  on  the  surface. 

Temperature  corrections  were  made  by  measuring  a  standard  buffer 
at  25  C  then  adjusting  the  temperature  correction  of  the  meter  to  the 
temperature  of  the  rumen  ingesta  at  the  time  of  pH  measurement.  Ingesta 

temperature  measurements  were  made  with  a  thermistor  probe  connected  to 

1  9 

a  tele- thermometer  . 

10.  Beckman  Instruments,  South  Pasadena,  Calif.,  USA. 

11.  Photovolt  Corp. ,  New  York,  N.Y.,  USA. 

12.  Yellow  Springs  Instrument  Co.,  Inc.,  Yellow  Springs,  Ohio,  USA. 
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d.  Statistical  Analyses 

Where  applicable,  the  analysis  of  variance  was  used  to  assist 
interpreting  data.  When  a  significant  F  value  was  obtained  a  mult 
range  test  (Duncan,  1955)  was  used  to  determine  which  means  might 
significantly  from  other  means. 

Since  water  intake  was  felt  to  influence  rumen  volume,  analys 
covariance  was  performed  to  remove  variations  in  rumen  volume  due 
differences  in  water  intake  in  Experiment  I,  trial  1. 

Sheep,  postfeeding  period,  time  and  treatments  were  considere 
fixed  effects;  days  however  were  considered  as  random  effects. 
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Experiment  I.  Water  Transfer  Across  the  Rumen  Epithelium  of  Sheep 

Introduction 

Water  movements  across  the  rumen  epithelium  are  undoubtedly  involved 
in  the  maintenance  of  optimum  physiologic  activity  within  the  rumen. 
Estimates  of  water  movements  have  been  made  and  many  factors  are  believed 
to  influence  their  magnitude  and  direction  (see  Review  of  Literature). 

The  factors  include  the  osmotic  gradients  between  the  rumen  contents  and 
blood  (Parthasarathy  and  Phillipson,  1953  and  Hyden,  1961a  and  1961c), 
associations  between  water  transfer  and  the  absorption  of  solutes  such 
as  sodium  (Curran,  1960,  Curran  and  Macintosh,  1962  and  Engelhardt,  1963c) 
and  other  nutrient s,  especial ly  volatile  fatty  acids  (Engelhardt,  1963a 
and  1963c) . 

Although  the  above  phenomena  are  thought  to  influence  the  movement 
of  water  through  the  rumen  epithelium,  variations  in  water  movement  may 
be  influenced  by  other  physiological  events  occurring  in  the  rumen.  For 
example,  the  production  of  various  metabolites  within  the  rumen,  especially 
volatile  fatty  acids,  and  their  subsequent  absorption  by  the  rumen 
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epithelium  are  known  to  exhibit  diurnal  fluctuations  associated  with 
daily  feeding  patterns  (Phillipson,  1942;  Briggs  et  al.,  1957  and  Grieve 
et  al.,  1963).  The  chemical  form  in  which  metabolites  cross  the  rumen 
epithelium  and  their  rates  of  transfer  from  the  rumen  are  known  to  be 
influenced  by  the  pH  of  the  rumen  ingesta  (Danielli  et  al.,  1945  and 
Ash  and  Dobson,  1963).  In  addition,  the  large  volumes  of  saliva  secreted 
by  ruminants  and  the  rate  of  ingesta  flow  to  the  omasum, which  largely 
determine  the  fluid  volume  of  the  rumen  (Bailey,  1961a  and  1961b  and 
Hyden,  1961a) ,  may  also  influence  water  exchange  across  the  rumen 
epithelium.  Since  these  phenomena  may  be  associated  with  the  movement 
of  water,  it  seemed  desirable  to  determine  whether  or  not  water  transfer 
across  the  rumen  epithelium  was  affected  by  postfeeding  period,  pH  of 
rumen  ingesta,  the  presence  or  absence  of  saliva  in  the  ingesta  or  ingesta 
flow  to  the  omasum. 

Trial  1 


Object 

To  study  water  transfer  across  the  epithelium  of  the  isolated  rumen 
of  sheep  at  various  postfeeding  periods. 

Experimental 

Three  mature  Suffolk  ewes,  previously  prepared  with  esophageal, 
rumen  and  omasal  fistulas  were  used  as  experimental  animals.  The  f iso¬ 
lation  procedures,  isolation  of  the  rumen,  and  care  and  feeding  of  the 
sheep  were  as  outlined  (Experimental  General). 

Water  transfer  across  the  epithelium  of  the  isolated  rumen  was 
studied  at  1,  2,  3,  4  and  17  hours  postfeeding  with  each  sheep.  Each 


trial  was  replicated  twice.  At  least  one  day  elapsed  between  trial 
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replications  on  the  same  sheep  in  an  effort  to  minimize  any  possible 
effects  due  to  the  rumen  isolation  procedure  on  succeeding  trial 
replications . 

The  rumen  was  isolated  10  -  15  min  prior  to  each  trial  replication 
and  a  sample  of  rumen  ingesta,  to  be  used  as  a  blank,  was  taken  5  min 
before  commencing  each  trial  replicate.  At  the  beginning  of  each  trial 
replication  known  quantities  of  100  -  150  ml  of  distilled  water  containing 
500  -  1000  pc  tritiated  water  and  5000  -  5500  mg  polyethylene  glycol  4000 
were  thoroughly  mixed  by  hand  with  the  rumen  contents.  Samples  (25  -  50 
ml)  of  rumen  ingesta  were  removed  via  the  rumen  fistula  at  0,  15,  30,  45, 
60,  75  and  90  min  giving  eight  samples  per  trial  replication. 

After  straining  each  sample  through  a  single  layer  of  cheesecloth, 
pH  measurements,  fp  determinations,  polyethylene  glycol  4000  analysis 
and  tritiated  water  analysis  were  performed  on  each  sample  as  described 
(Experimental  General).  Rumen  fluid  volume  changes  in  each  trial  repli¬ 
cate  were  calculated  as  indicated  (p.  28  -  29)  and  water  transfer  across 
the  rumen  epithelium  was  calculated  as  outlined  in  Appendix  6.  Analysis 
of  variance  of  the  data  were  conducted  and  the  mean  squares  are  given  in 
Appendix  8  (Table  14). 

Results  and  Discussion 

A  rapid  exchange  of  water  between  the  rumen  contents  and  blood  supply 
was  observed  during  all  trial  replicates  (Appendix  7).  Water  outflow 
across  the  rumen  epithelium  into  the  blood  ranged  from  35.1  to  82.9  ml/min 
while  water  inflow  from  the  ruminal  blood  supply  into  the  rumen  ranged 
from  28.3  to  67.6  ml  per  minute.  A  net  absorption  of  water  from  the  rumen 
contents  into  the  blood  of  2.9  to  16.9  ml/min  was  observed  in  all  trial 
replications  with  the  three  sheep.  These  results  are  in  general  agreement 
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with  those  of  Engelhardt  (1963a)  who  observed  a  rapid  exchange  of  water 
in  both  directions  across  the  reticulo- rumen  epithelium  of  goats  of  4.9 
to  49.3  ml  per  minute. 

Mean  water  outflow  across  the  rumen  epithelium  increased  immediately 
after  feeding  (Fig.  7),  reached  a  peak  at  2  -  3  hours  postfeeding,  and 
then  slowly  declined  as  the  postfeeding  period  progressed.  Water  outflow 
at  17  hours  postfeeding  was  significantly  lower  than  at  1,  2  or  3  hours 
postfeeding  (P^O.Ol),  but  did  not  differ  significantly  from  that  at  4 
hours  postfeeding.  This  indicated  that  the  outflow  of  water  across  the 
rumen  epithelium  declined  to  a  basal  level  by  about  4  hours  postfeeding. 

The  changes  observed  in  water  inflow  across  the  rumen  epithelium 
(Fig.  8)  were  similar  to  those  observed  with  water  outflow.  Water  inflow 
increased  after  feeding  to  a  maximum  2-3  hours  postfeeding,  then 
declined  to  a  minimum  value  by  17  hours  postfeeding.  Since  water  outflow 
and  water  inflow  showed  the  same  general  trends  with  postfeeding’  period, 
the  net  water  absorption  (Fig.  9)  across  the  rumen  epithelium  into  the 
blood  remained  relatively  constant.  Although  one  sheep,  No.  165,  showed 
an  increase  in  net  water  absorption  following  feeding,  the  differences 
between  postfeeding  periods  for  the  three  sheep  were  not  significant. 

The  rate  of  water  transfer  in  sheep  54  is  of  particular  interest. 

The  rate  constant  for  loss  of  radioactive  water  from  the  rumen  was  con¬ 
sistently  higher  than  for  sheep  165  or  142  (Fig.  10)  and  the  rumen  fluid 
volume  was  considerably  lower  (Fig.  11);  however,  water  outflow  and  inflow 
(Fig.  7  and  8)  and  net  water  absorption  from  the  rumen  (Fig.  9)  were  com¬ 
parable  to  sheep  165  and  142.  This  observation  indicates  that  a  sheep 
may  be  able  to  compensate  for  a  low  rumen  volume  by  a  higher  rate  of  water 


transfer . 


, 


34 


99T 


daaqs 


^ 

^5  daorjs 

■  ■  .  .  ‘  -V  1  ./.  ••  /,  ■  .••••■  ■  •>  ■  ;v  •  :•  'f 

ZVl  doaijS 

-  i  1_ i  i  i_ 1_ I 

l n 
r-* 


■\ - 1 - 1 - 1 - h 

O  in  o  lo  O 

r-.  \D  -D  in  m 


m  o 


H - 1 - 1 - 1 

uo  o  m  o 

CO  co  CM  C\1 


(UTIU/XUl)  MOX  J9H0 


lours  Post fee din 


35 


oo 

a 

•H 

-0 

0) 

<U 

U-i 

■U 

CO 

o 

CO 

O 

O 

D3 


CM 


(uiui/ xm)  fvoi jui  idivft 


FIG.  8.  Mean  Water  Inflow  at  Postfeeding  Periods 
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FIG.  9.  Mean  Net  Water  Absorption  at  Postfeeding  Periods 
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Rumen  fluid  volume  is  thought  to  be  a  function  of  body  weight.  Since 
the  body  weights  and  ages  of  the  three  ewes  were  quite  similar  (Appen¬ 
dix  2),  it  was  of  interest  to  know  why  large  differences  in  rumen  fluid 
volume  between  sheep  should  be  observed.  An  analysis  of  covariance 
between  rumen  volume  and  water  consumption  by  sheep  indicated  that  differ¬ 
ences  in  rumen  volume  between  sheep  were  due  to  differences  in  voluntary 
water  intake;  sheep  34  showed  a  consistently  lower  water  intake  than  sheep 
163  and  142  (Appendix  2) . 

From  the  results  obtained  it  appears  that,  following  feeding,  the 
flow  of  water  in  both  directions  across  the  rumen  epithelium  increases 
more  or  less  equally;  thus,  little  change  in  net  water  absorption  from 
the  rumen  occurred.  This  was  true  in  spite  of  the  fact  that  freezing 
point  determinations  (Fig.  12)  indicated  that  rumen  contents  were  more 
hypotonic  to  the  blood  at  17  hours  than  at  1  or  2  hours  postfeeding.  The 
largest  differences  between  the  freezing  point  of  the  jugular  blood  serum 
and  the  rumen  fluid  were  in  sheep  165  and  54.  These  sheep  also  showed 
somewhat  higher  rates  of  net  water  absorption  than  sheep  142  (Fig.  9) , 
indicating  that  the  osmotic  gradient  between  the  blood  and  rumen  contents 
may  influence  net  water  movement  from  the  rumen. 

The  freezing  points  of  the  rumen  fluid  (Fig.  12)  for  the  three  sheep 
was  found  to  be  significantly  higher  at  17  hours  postfeeding  than  at  1, 

2  or  3  hours  (P(0.05);  however,  differences  between  17  and  4  hours  post¬ 
feeding  were  not  significant.  These  results  demonstrate  that  a  slight 
increase  in  the  osmolarity  of  the  rumen  fluid  occurred  following  the 
ingestion  of  feed.  The  freezing  point  of  the  jugular  blood  serum  did  not 
show  consistent  variations  between  the  postfeeding  periods  (Table  1). 

The  effect  of  increased  differences  between  the  freezing  points  of  rumen 
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fluid  and  blood  on  water  transfer  across  the  rumen  epithelium  is  somewhat 
obscure.  A  significant  increase  in  net  water  absorption  after  feeding 
was  not  observed  although  sheep  165  did  show  a  slight  rise  in  net  water 
absorption  following  feeding  (Fig.  9).  Since  the  osmotic  gradient  between 
the  rumen  contents  and  jugular  blood  serum  decreased  following  feeding 
(Fig.  12),  and  then  increased  as  the  postfeeding  period  progressed,  net 
water  absorption  would  be  expected  to  follow  these  trends;  however,  such 
an  effect  was  not  observed.  These  results  indicate  that  other  forces, 
besides  osmotic  gradient,  may  influence  net  water  absorption  from  the 
rumen. 


TABLE  1.  Freezing  Point  of  Jugular  Blood  Serum  at  Various 
Postfeeding  Periods 


Postfeeding 
Period  (hr) 

Sheep  Number 

142 

165 

54 

1 

-0.611 

-0.598 

-0.598 

2 

-0.618 

-0.579 

-0.611 

3 

-0.594 

-0.602 

-0.625 

4 

-0.637 

-0.568 

-0.602 

17 

-0.623 

-0.599 

-0.616 

Mean  values* 

-0.617  ±  0.040 

-0.589  -  0.027 

-0.606  ±  0.017 

*  fp  in  degrees  C  t  1  S.E. 


Water  inflow  from  the  blood  increased  as  the  osmotic  gradient  between 
the  blood  and  rumen  contents  decreased,  a  result  which  would  be  expected 
if  water  movements  were  controlled  by  osmotic  relationships.  With  the 
osmotic  gradients  found  (Fig.  12),  water  inflow  to  the  rumen  would  not 
be  expected  to  be  as  large  as  was  observed  (Fig.  8).  This  may  also 
indicate  that  other  forces  are  involved  here  as  well. 
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The  changes  in  freezing  point  of  the  rumen  fluid  did  not  explain 
the  increased  water  outflow  following  feeding  (Fig.  7)  since  decreased 
osmotic  gradient  should  reduce  water  outflow.  The  increased  water  out¬ 
flow  could  possibly  be  accounted  for  if  jugular  blood  did  not  have  the 
same  freezing  point  as  the  blood  supplying  the  rumen  because  of  local 
absorption  of  metabolites  and  electrolytes  from  the  rumen.  This  might 
allow  localized  osmotic  gradients  to  exist  between  ingesta  and  blood 
supplying  the  rumen  quite  different  to  those  observed  at  the  jugular  vein. 
Such  a  concept  cannot  be  discounted  until  further  evidence  is  available. 

The  increased  water  transfer  across  the  rumen  epithelium  observed 
during  the  present  experiments  approached  a  maximum  value  2-3  hours 
postfeeding,  at  a  time  when  volatile  fatty  acid  absorption  from  the  rumen 
would  be  approaching  the  highest  level  (Masson  and  Phillipson,  1951; 

Briggs  et  al.,  1957;  Annison  and  Lewis,  1959;  Blaxter,  1962  and  Grieve 
et  al.,  1963).  Thus  the  increase  in  water  transfer  across  the  rumen 
epithelium  observed  after  feeding  may  be  caused  by  an  association  between 
the  absorption  of  metabolites  and  water.  At  present,  the  nature  of  such 
a  link  between  solute  transfer  and  water  transfer  is  unknown;  however, 
similar  hypotheses  have  been  suggested  by  Curran  (1960)  and  Curran  and 
Macintosh  (1962)  in  an  effort  to  explain  water  movements  against  osmotic 
gradients  in  the  gut  of  monogastric  animals,  and  by  Engelhardt  (1963a) 
to  explain  water  movements  across  the  rumen  epithelium  of  goats. 

Summary 

(1)  A  rapid  exchange  of  water  between  the  rumen  contents  and  blood  was 
observed  in  all  trial  replicates. 

(2)  Water  outflow  and  inflow  across  the  rumen  epithelium  wsre  significantly 
increased  immediately  after  feeding  and  declined  as  the  postfeeding  period 
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progressed. 

(3)  Significant  changes  in  net  water  absorption  were  not  observed  with 
postfeeding  period  although  differences  in  freezing  points,  and  thus  in 
the  osmotic  gradient  between  rumen  fluid  and  blood,  were  greater  17  hours 
postfeeding  than  at  1,  2  or  3  hours  postfeeding. 

Trial  2 

Object 

To  study  the  effects  of  decreased  pH  of  rumen  ingesta  on  water 
transfer  from  the  isolated  rumen  of  sheep. 

Experimental 

The  effects  of  pH  of  rumen  ingesta  on  water  transfer  across  the 
rumen  epithelium  were  studied  at  3  and  17  hours  postfeeding  on  two  of  the 
ewes  used  in  trial  1.  Each  trial  was  replicated  twice.  Data  obtained 
at  3  and  17  hours  postfeeding  for  sheep  165  and  142  in  trial  1  were  used 
as  control  levels  to  compare  the  effect  of  altered  pH  of  rumen  ingesta 
on  water  transfer.  As  in  trial  1,  one  day  elapsed  between  trial 
replications  on  the  same  sheep. 

Prior  to  the  beginning  of  each  trial  (10  -  15  min)  the  reticulo-rumen 
was  isolated  as  described  in  Experimental  General.  Just  before  each  trial 
began,  a  sample  (25  -  50  ml)  of  rumen  ingesta  was  taken  to  serve  as  a 
blank  sample  in  determinations.  At  the  beginning  of  each  trial,  500  ml 
of  1  N  hydrochloric  acid  containing  500  -  1000  pc  tritiated  water  and 
5000  -  5500  mg  polyethylene  glycol  4000  was  thoroughly  mixed,  by  hand, 
with  the  rumen  contents;  the  exact  quantities  of  hydrochloric  acid  and 
polyethylene  glycol  4000  were  known  in  each  trial  replication. 

Samples  (25  -  50  ml)  of  rumen  ingesta  were  removed  via  the  rumen 
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fistula  at  0,  15,  30,  45,  60,  75  and  90  min  after  beginning  each  replicate 
and  were  analysed  as  in  trial  1.  Throughout  the  trial  replications 
100  -  200  ml  of  1  N  hydrochloric  acid  was  added  to  the  rumen  contents  as 
required  to  maintain  an  ingesta  pH  between  5.5  -  5.8.  Each  addition  of 
1  N  hydrochloric  acid  after  the  beginning  of  the  trial  diluted  the 
polyethylene  glycol  4000  and  tritiated  water  present  within  the  rumen. 

The  effect  of  this  dilution  was  corrected  as  follows: 

a)  Rumen  volume  correction 

v'  =  P  -  [C"(L  +  X)] 

C" 

V'  =  rumen  volume  in  ml 

p  =  mg  of  polyethylene  glycol  4000  given  at  time  0 

C"  =  polyethylene  glycol  4000  concentration  in  rumen  fluid 
(mg/ml)  after  dosage 

L  =  ml  IN  HCl  added  with  polyethylene  glycol  4000  at  time  0 
X  =  ml  IN  HCl  added  after  time  0. 

b)  Tritiated  water  correction 

cR90  =  R9o(1  +•=•) 

cR9o  =  corrected  rumen  counts  at  90  min  (cpm) 

R^q  =  uncorrected  rumen  counts  at  90  min  (cpm) 

V  =  mean  rumen  volume  (ml) 

X  =  1  N  HCl  added  after  time  0  (ml). 

At  the  end  of  each  trial  replication  the  pH  of  the  rumen  ingesta 
was  adjusted  to  a  normal  range  of  6.5  -  7.0  by  adding  700  -  1200  ml  of 
saliva,  collected  from  the  sheep  during  the  trial,  to  the  rumen. 

Statistical  analysis  of  the  data  were  performed  and  the  mean  squares 
are  shown  in  Appendix  8  (Table  15). 
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Results  and  Discussion 

The  pH  of  rumen  ingesta  of  the  two  sheep  studied  under  normal 
conditions  and  following  the  addition  of  hydrochloric  acid,  at  3  and  17 
hours  postfeeding,  are  shown  in  Table  2.  Under  normal  conditions  the 
pH  of  rumen  ingesta  was  lower  3  hours  after  feeding  than  17  hours  post¬ 
feeding  and  a  significant  reduction  in  pH  occurred  upon  adding  hydrochloric 
acid. 

TABLE  2.  pH  of  Normal  Rumen  Contents*  and  After  Adding 
1  N  HCl  at  3  and  17  Hours  Postfeeding 


Treatment  of 
Rumen  Contents 


_ Sheep  Number _ 

_ 142 _  _ 165 _ 

Normal  Acid  added  Normal  Acid  added 


Post  feeding 
Period  (hr) 


6.89  -  0.01  5.77  t  0.11  6.88  -  0.01  5.45  -  0.09 

(6.85  -  6. 94)** (6. 51  -  5.31)  (6.75  -  6.98)  (5.01  -  6.20) 


6.96  t  0.01  5.75  t  0.09  7.30  t  0.03  5.72  t  0.09 

(6.90  -  7.03)  (5.23  -  6.35)  (7.16  -  7.52)  (5.10  -  6.30) 


*  pH  -  1  S.E. 

**  Range  observed 

The  outflow  of  water  from  the  rumen  into  the  blood  at  3  and  17  hours 
postfeeding  was  significantly  increased  (P^O.Ol)  by  reducing  the  rumen 
ingesta  pH  to  5.5  -  5.8  (Fig.  13).  The  mean  water  outflow  17  hours 
postfeeding  with  low  ingesta  pH  was  not  significantly  different  than  the 
mean  water  outflow  at  3  hours  postfeeding  with  normal  rumen  pH. 

The  effects  of  rumen  pH  on  water  inflow  (Fig.  14)  were  similar  to 
those  noted  on  water  outflowj  a  decrease  in  pH  increased  mean  water  inflow 
at  3  and  17  hours  postfeeding. 


Water  Inflow  (ml/min)  Water  Outflow  (ml/min) 
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Hours  Postfeeding 
NORMAL  INGESTA  pH 


3  17 

Hours  Postfeeding 
LOW  INGESTA  pH 


FIG.  13.  Mean  Water  Outflow  With  Normal  and  Low  Ingesta  pH 


Hours  Postfeeding 
NORMAL  INGESTA  pH 


3  17 

Hours  Postfeeding 
LOW  INGESTA  pH 


FIG.  14.  Mean  Water  Inflow  With  Normal  and  Low  Ingesta  pH 
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Net  water  absorption  from  the  rumen  did  not  show  the  same  response 
to  decreased  pH  of  the  rumen  ingesta  as  did  water  inflow  or  outflow 
(Fig.  15) .  The  results  indicated  that  lowering  the  pH  of  the  rumen 
ingesta  17  hours  postfeeding  had  little  effect  on  net  water  absorption 
when  compared  to  ingesta  of  a  normal  pH;  however,  lowering  the  pH  of  the 
rumen  contents  3  hours  postfeeding  resulted  in  a  marked  reduction  in  net 
water  absorption  from  the  reticulo- rumen  compared  to  control  conditions 
(Fig.  15). 

Differences  in  freezing  points  between  the  rumen  contents  at  pH  5.5  - 
5,8  and  the  blood  was  generally  smaller  3  hours  after  feeding  than  17 
hours  postfeeding  (Fig.  16).  Net  water  absorption  was  least  and  water 
inflow  was  greatest  at  3  hours  (Fig.  14  and  15) ,  indicating  a  relationship 
between  net  water  absorption,  water  inflow  and  the  osmotic  gradient 
between  the  reticulo-rumen  contents  and  the  blood. 

Summary 

(1)  Under  normal  conditions  the  pH  of  the  rumen  ingesta  of  sheep  was 
significantly  lower  3  hours  after  feeding  than  17  hours  postfeeding. 

(2)  Decreasing  the  pH  of  rumen  ingesta  to  5.5  -  5.8  produced  a  significant 
increase  in  water  inflow  and  outflow  across  the  rumen  epithelium  at  3  and 
17  hours  postfeeding  as  compared  to  water  exchange  with  ingesta  of  normal 
pH.  Lowering  the  pH  at  17  hours  postfeeding  increased  water  transfer  to 
levels  comparable  to  those  with  normal  ingesta  pH  at  3  hours  postfeeding. 

(3)  The  differences  in  freezing  points  between  the  rumen  contents  at  low 
pH  and  the  blood  was  less  at  3  hours  than  at  17  hours  after  feeding. 

Net  water  absorption  was  less  at  3  hours  while  water  inflow  was  greater. 


* 


Net  Absorption  (ml/min) 


48 


m 


Hours  Postfeeding 
NORMAL  INGESTA  pH 


3  17 

Hours  Postfeeding 
LOW  INGESTA  pH 


FIG.  13.  Mean  Net  Water  Absorption  With  Normal  and  Low  Ingesta  pH 


C\l 


0. 

'U  m 


Hours  Postfeeding 
NORMAL  INGESTA  pH 


3  17 

Hours  Postfeeding 
LOW  INGESTA  pH 


16.  Mean  Freezing  Point  of  Rumen  Fluid  and  Blood 
With  Normal  and  Low  Ingesta  pH 


49 


Trial  3 

Object 

To  determine  the  effects  of  the  addition  of  saliva  to  the  rumen  and 
of  ingesta  flow  to  the  omasum  on  water  transfer  across  the  rumen  epithelium. 

Experimental 

The  effects  of  rumen  isolation  on  water  transfer  were  studied  by 
two  procedures.  In  the  first,  saliva  was  returned  to  the  isolated  rumen, 
and  in  the  second,  saliva  was  returned  to  the  rumen  in  which  the  cardia 
of  the  esophagus  was  plugged  and  the  ret iculo-omasal  orifice  was  open. 

The  cardial  and  reticulo-omasal  orifice  plugs  were  positioned  as  described 
(p.  21  -  23).  Results  obtained  in  Experiment  I,  trial  1  at  3  and  17  hours 
postfeeding  were  used  as  control  values  to  which  the  effects  of  saliva 
addition  to  the  rumen  and  reticulo-omasal  ingesta  flow  on  water  transfer 
through  the  rumen  epithelium  were  compared. 

Two  replicates  of  each  trial,  with  both  of  the  procedures  described 
above,  were  conducted  at  3  and  17  hours  postfeeding  on  the  same  sheep  as 
in  trial  2.  Procedures  with  respect  to  the  addition  of  polyethylene 
glycol  4000  and  tritiated  water  were  the  same  as  in  trial  1.  The  analysis 
for  polyethylene  glycol  4000  and  for  tritiated  water  in  rumen  fluid  and 
saliva  were  as  outlined  (Experimental  General). 

Saliva  was  collected  from  the  esophageal  fistula  throughout  each 
trial  (p.  23)  and  a  5  to  10  ml  sample  was  taken  at  0,  3,  20,  35,  50,  65, 

80  and  95  minutes.  The  remaining  saliva  at  each  time  was  thoroughly 
mixed  with  the  rumen  contents  by  hand. 

The  addition  of  saliva  to  the  rumen  resulted  in  dilution  of  the 
polyethylene  glycol  4000  present  in  the  ingesta.  lhis  dilution  was 
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corrected  for  as  follows 


v  =  P  -  fc"(L  +  Y)1 
C" 


V  =  rumen  volume  (ml) 


P 

C" 

L 


polyethylene  glycol  4000  dose  (mg) 

polyethylene  glycol  4000  concentration  after  dosage  (mg/ml) 

distilled  water  added  with  polyethylene  glycol  4000  at 
time  0  (ml) 


Y  =  saliva  added  to  rumen  ingesta  (ml). 

The  addition  of  saliva  to  the  rumen  contents  also  added  tritiated 
water  to  the  rumen.  These  additions  were  subtracted  from  the  radioactivity 
of  the  rumen  ingesta  at  90  min  as  follows: 


Rea 


90  =  Ra90  - 


Ra9°  .c\  /R90 


R: 


75 


•Sa75  )+ 


\Ra 


60 


90 

•  So  60  ]  +  ----  +/ 


R; 


0 


90  _ 


75 


Rea  =  corrected  rumen  radioactivity  after  90  min  (cpm) 

90 

Ra  =  uncorrected  rumen  radioactivity  after  90  min  (cpm) 
0 


Sa'  - Sa  =  saliva  radioactivity  added  to  ingesta  at  each  15  min 

interval  (cpm) 

Ra^ - Ra^  =  rumen  radioactivity  at  each  15  min  interval  (cpm). 

This  equation  subtracts  the  proportion  of  the  radioactivity  remaining, 
due  to  the  addition  of  saliva  at  each  15  min  period,  from  the  rumen 
radioactivity  present  at  90  minutes. 

When  ingesta  flow  to  the  omasum  was  allowed,  it  was  necessary  to 
correct  for  losses  of  tritiated  water  caused  by  ingesta  flow.  The 
correction  was  calculated  using  Hyden's  (1961a)  estimates  of  ingesta  flow. 

\ . 28  x  T0\  /l . 28  x  T15  \  / 1 . 28  x  T75 

ct90  =  t90  +  1 - -  1+  I -  I  +  ----  + 


100 


100 


100 


cT9q  =  tritiated  water  content  of  rumen  fluid  at  90  min  corrected 
for  ingesta  flow  loss  (cpm) 
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T90  “  tritiated  water  content  of  rumen  fluid  at  90  min  corrected 
for  saliva  addition  (cpm) 

T0,T15,-T75  =  tritiated  water  content  of  rumen  fluid  at  0,  15,---,  75  min 

corrected  for  saliva  addition  (cpm) 

1.28  =  per  cent  loss  of  rumen  ingesta  per  15  min  due  to  reticulo- 
omasal  ingesta  flow  (from  Hyden,  1961a). 

The  data  were  analysed  statistically  and  the  mean  squares  are  given 

in  Appendix  8  (Table  16). 

Results  and  Discussion 

The  results  obtained  indicated  that  water  outflow  and  inflow  between 
the  rumen  ingesta  and  blood  and  the  rate  constant  for  the  loss  of  tritiated 
water  from  the  rumen  were  significantly  higher  (P^0.05)  3  hours  post¬ 
feeding  than  17  hours  postfeeding  (Fig.  17,  18  and  20);  a  result  similar 
to  that  of  trial  1.  Neither  adding  saliva  to  the  rumen  nor  allowing 
ingesta  flow  from  the  rumen  had  any  significant  effect  on  water  inflow 
(Fig.  17)  water  outflow  (Fig.  18),  net  water  absorption  (Fig.  19)  or  the 
rate  constant  of  tritiated  water  loss  from  the  rumen  (Fig.  20),  as  compared 
to  results  obtained  with  rumen  isolation. 

Obvious  effects  on  freezing  point  of  rumen  fluid  and  the  osmotic 
gradient  between  rumen  ingesta  and  blood  were  not  observed  (Table  3). 

Since  saliva  is  isotonic  with  blood  (Bailey,  1961b)  and  the  ionic  com¬ 
position  is  similar  to  rumen  fluid  (Bailey,  1961a),  the  return  of  saliva 
to  the  rumen  would  not  be  expected  to  greatly  alter  the  osmotic  gradient 
between  the  rumen  ingesta  and  blood. 

The  pH  of  rumen  ingesta  was  slightly  increased  when  saliva  was 
returned  to  the  rumen  and  when  reticulo-omasal  ingesta  flow  was  allowed 
(Table  4).  Since  saliva  secretions  of  sheep  are  highly  alkaline  (Kay, 
1960b),  an  increase  in  pH  of  rumen  ingesta  following  saliva  addition  could 

be  anticipated. 
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FIG.  18.  Mean  Water  Inflow  at  3  and  17  Hours  Postfeeding  With 
Various  Stages  of  Rumen  Isolation 
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FIG.  19.  Mean  Net  Water  Absorption  at  3  and  17  Hours  PosLfeeding 
With  Various  Stages  of  Rumen  Isolation 
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FIG.  20.  Mean  Rate  Constants  at  3  and  17  hours  Postfeeding 
With  Various  Stages  of  Rumen  Isolation 
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TABLE  3.  Mean  Freezing  Points  (C)  of  Rumen  Fluid*  and  Blood  Serum*  at 
3  and  17  Hours  Postfeeding  With  and  Without  Rumen  Isolation 


Sheep  Number 

Postfeeding  Conditions  of 

142 

165 

Period 

(hr)  Measurement  Rumen  Fluid 

Blood  Rumen  Fluid 

Blood 

With  isolated  rumen 
(trial  1) 

-0.588 

-0.637  -0.497 

-0.568 

3 

With  isolated  rumen 
saliva  added 

-0.468 

-0.589  -0.492 

-0.652 

Without  isolated 
rumen,  saliva  added 

-0.514 

-0.598  -0.516 

-0.522 

With  isolated  rumen 
(trial  2) 

-0.530 

-0.611  -0.499 

-0.598 

17 

With  isolated  rumen 
saliva  added 

-0.515 

-0.587  -0.454 

-0.634 

Without  isolated 
rumen,  saliva  added 

-0.486 

-0.572  -0.461 

-0.596 

*  S.E. 

ranged  from  +  0.009  to 

0.014  and 

from  ^  0.001  to  0.055 

for  the 

rumen  fluid  and  blood  serum,  respectively. 


Adding  saliva  and  allowing  reticulo-omasal  ingesta  flow  resulted  in 
difficulties  in  mixing  the  rumen  contents  and  consequently  in  obtaining 
a  representative  sample  of  rumen  ingesta.  Because  of  this  difficulty, 
the  errors  in  determining  water  movements  between  the  rumen  ingesta  and 
blood  were  increased,  as  compared  to  measurements  with  rumen  isolation 
(see  error  variance,  Appendix  8,  Table  16).  Even  though  errors  in  measure- 
were  increased,  the  results  obtained  indicate  that  rumen  isolation 
procedures  for  short  periods  of  time  as  in  trial  1  and  2,  do  not  seriously 
alter  water  movements  across  the  rumen  epithelium. 


• 
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TABLE  4.  Mean  pH  of  Rumen  Ingesta  at  3  and  17  Hours  Postfeeding 
With  and  Without  Rumen  Isolation 


Postfeeding  Conditions  of  _ Sheep  Number _ 

Period  (hr) Measurement_ 142_ 165 

With  isolated  rumen  6.89  +  0<01*  6.88  +  0.01 

(trial  1) 

3  With  isolated  rumen  6.93  +  0.02  7.02  t  0.02 

saliva  added 

Without  isolated  7.15  t  0.08  7.15?  0.02 

rumen,  saliva  added 


17 


With  isolated  rumen 
(trial  1) 


6.96  t  0.01 


7.30  t  0.01 


With  isolated  rumen  7  37  +  0  03  7  53  +  0  02 

saliva  added 


Without  isolated  7.46  +  0>06  7.53  +  0.07 

rumen,  saliva  added 


*  pH  t  1  S.E. 


Summary 

(1)  Neither  adding  saliva  to  the  rumen  nor  allowing  reticulo-omasal 
ingesta  flow  produced  any  significant  changes  in  water  movements  across 
the  rumen  epithelium  as  compared  to  estimates  with  rumen  isolation. 

(2)  The  freezing  point  of  rumen  fluid  was  not  significantly  altered  by 
adding  saliva  to  the  rumen  or  by  allowing  reticulo-omasal  ingesta  flow; 
however,  the  pH  of  rumen  ingesta  was  slightly  increased. 

Experiment  II.  Saliva  Secretion  in  Sheep 

Introduction 

The  importance  of  the  salivary  secretions  of  ruminants  to  optimum 


physiological  functioning  of  the  forestomachs  has  been  indicated  by  a 
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number  of  investigators  (see  Review  of  Literature).  It  therefore,  seemed 
desirable  to  study  the  salivary  secretion  rates  of  sheep  and  the  effect 
of  rumen  isolation  procedures  and  of  pH  of  the  rumen  ingesta  on  these 
secretion  rates.  The  movement  of  water  from  the  rumen  to  saliva  was  also 
investigated. 

Trial  1 

Object 

To  study  saliva  production  in  sheep  and  to  determine  the  effect  of 
rumen  isolation  procedures  and  of  the  pH  of  rumen  ingesta  on  secretion 
rates . 


Experimental 

Cardial  and  reticulo-omasal  plugs  were  placed  in  position  (p.  21  -23) 
10  -  15  min  before  the  beginning  of  each  trial.  Saliva  secretions  of 
sheep  were  collected  as  outlined  (p.  23)  and  the  volumes  secreted 
recorded  at  0,  5,  20,  35,  50,  65,  80  and  95  min  during  each  trial  repli¬ 
cate.  The  saliva  secretion  rate  (ml/min)  was  calculated  by  dividing  the 
volume  secreted  (ml)  by  the  length  of  time  of  collection  (min). 

Several  measurements  of  saliva  secretion  rates  were  made  on  sheep 
142  and  165  without  inserting  the  cardial  and  reticulo-omasal  orifice 
plugs  and  while  the  sheep  were  not  under  other  experimentation;  otherwise 
saliva  collection  was  as  previoulsy  outlined  (p.  23). 

Total  saliva  production  at  various  postfeeding  periods  was  measured 
in  conjunction  with  Experiment  I,  trial  1  and  the  effect  of  pH  of  the 
rumen  ingesta  on  saliva  secretion  was  studied  in  conjunction  with  Experi¬ 


ment  I,  trial  2. 
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Data  were  statistically  analysed  and  the  mean  squares  are  given  in 
Appendix  8  (Tables  17,  18  and  19). 

Results  and  Discussion 

When  the  cardial  and  reticulo-omasal  orifice  plugs  were  placed  in 

position,  the  mean  rate  of  saliva  secretion  throughout  1,  2,  3,  4  and  17 

hours  postfeeding  was  significantly  higher  (p(0.01)  during  the  first  5 

min  period  within  each  trial  than  during  subsequent  collection  periods 

(Fig.  21).  A  rapid  decline  in  secretion  rate  occurred  between  5  and  20 

min  and  saliva  production  rate  remained  relatively  constant  from  20  to 

95  min  inclusively.  Comparisons  of  saliva  production  with  and  without 

the  cardial  and  reticulo-omasal  orifice  plugs  in  position  indicated  that 

80  - 

the  resting  rate  of  saliva  secretion  was  reached  95  min  after  collection 
began  (Table  5) ,  when  the  cardial  and  reticulo-omasal  orifice  plugs  were 
in  position.  Similar  results  have  been  noted  by  Hyden  (1958)  who  observed 

TABLE  5.  Mean  Saliva  Secretion  Rates*  Without  Rumen  Isolation  and 
80  and  95  min  After  Insertion  of  Cardial  and  Reticulo- 
omasal  Orifice  Plugs 


Conditions  of  Collection 

Cardial  plug  removed 

80  min  after  inserting  cardial  plug 

95  min  after  inserting  cardial  plug 

*  ml /min  t  1  S  .  E  . 

**  Sheep  54  not  available. 


_ Sheep  Number** _ 

142  165 


7.1 

+ 

0.6 

9.4 

+ 

oo 

o 

7.5 

+ 

0.5 

10.1 

+ 

0.5 

6.9 

+ 

0.5 

8.4 

4- 

0.5 

that  the  insertion  of  an  esophageal  catheter  for  saliva  collection  in 
sheep  resulted  in  a  mean  saliva  secretion  rate  of  18.1  ml/min  during  the 
initial  15  min  period;  declining  to  13.3  and  8.4  ml/min  over  the  two 
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Mean  Saliva  Secretion  Rates  Throughout  Each  Trial  Replicate 
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subsequent  15  min  collection  periods  respectively. 

Saliva  secretion  rates  of  sheep  have  been  reported  to  be  lower 
immediately  after  feeding  and  to  gradually  increase  until  the  next 
feeding  (Wilson,  1963b).  The  changes  in  resting  secretion  rates  (not 
eating  or  ruminating)  were  attributed  to  changes  in  rumen  fluid  volume. 
Measurements  of  resting  saliva  production  by  sheep  142  and  165  (Table  6) 
did  not  show  any  significant  differences  between  3  hours  and  17  hours 
postfeeding  (P<0.10),  although  saliva  secretion  rates  did  tend  to  be 
higher  17  hours  than  3  hours  postfeeding. 

TABLE  6.  Mean  Saliva  Secretion  Rates*  at  3  and  17 
Hours  Postfeeding  Without  Rumen  Isolation 

Postfeeding  _ Sheep  Number _ 

Period  (hr) 142_ 165 


3 

6.4 

+ 

0.6 

8.2 

+ 

0.9 

17 

7.8 

+ 

0.5 

10.4 

+ 

1.1 

*  ml /min  -  1  S.E. 

Lowering  the  pH  of  the  rumen  ingesta  resulted  in  no  significant 
differences  in  saliva  secretion  rates  over  the  ranges  studied  (Table  7). 

TABLE  7.  Mean  Saliva  Secretion  Rates*  80  to  95  min  After  Rumen 
Isolation  With  Normal  and  Low  Rumen  Ingesta  pH 


Post feeding 
Period  (hr) 

pH  of 

Rumen  Ingesta 

Sheep  Number 

142  165 

Normal 

6.0  t  1.3 

9.3  t  1.5 

3 

Low 

9.8  ±  0.7 

7.4  ±  0.9 

Normal 

7.5  t  0.9 

10.2  t  0.9 

17 

Low 

7.4  -  1.0 

11.0  ±  1.4 

*  ml/min  1  S.E. 
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Summary 

(1)  Saliva  secretion  rate  with  cardial  and  re ticulo-omasal  orifice  plugs 
in  position  were  significantly  increased  during  the  first  5  min  of  collec¬ 
tion.  A  rapid  decline  in  secretion  rate  occurred  between  5  and  20  min 
and  saliva  production  rate  remained  relatively  constant  from  20  -  95  min 
inclusively. 

(2)  The  basal  secretion  rate  of  saliva  by  sheep  during  rest  was  7.1  1"  0.6 
and  9.4  _  0.8  ml/min  for  sheep  142  and  165  respectively.  When  the 
cardial  and  reticulo-omasal  orifice  plugs  were  in  position,  the  resting 
rate  of  saliva  secretion  was  approached  by  80  -  95  minutes. 

(3)  Changes  in  the  pH  of  rumen  ingesta  did  not  produce  any  significant 
change  in  saliva  secretion  rates. 

Trial  2 

Object 

To  study  the  movement  of  water  from  the  rumen  ingesta  to  saliva  in 
sheep. 

Experimental 

Saliva  samples  were  collected  as  outlined  (p.  23)  at  0,  5,  20,  35, 

50,  65,  80  and  95  min  during  each  trial  replicate  of  Experiment  I,  trials 
1  and  2  to  study  the  effect  of  postfeeding  period  and  of  pH  of  the  rumen 
ingesta,  respectively,  on  water  movement  between  the  rumen  ingesta  and 
saliva.  The  tritiated  water  content  of  each  sample  was  determined  as 
outlined  (p.  25  and  26).  Tritiated  water  secreted  into  saliva  over  each 
sample  interval  was  calculated  as  follows: 

W£  =  wt  — - . — - - - - — .  (i) 

Wt  =  tritiated  water  secreted  at  time  t  (cpm) 
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Tt  =  tritiated  water  secreted  per  ml  of  saliva  at  time  t  (cpm/ml) 
Vt  =  volume  of  saliva  secreted  at  time  t  (ml). 

The  total  tritiated  water  secreted  in  saliva  during  each  trial 
replicate  was  then  calculated  as  follows: 


TS  = 
TS  = 


W 


5 - 95 


W5  +  W20  + - +  Wqq  +  W95 -  (2) 

total  tritiated  water  secreted  during  trial  replicate  (cpm) 

tritiated  water  secreted  (cpm)  over  each  time  period  during 
trial  replicate  (equation  1). 


Finally,  the  per  cent  of  tritiated  water  absorbed  from  the  rumen 
appearing  in  saliva  during  each  trial  replicate  was  calculated  as  follows 


R-S 


R 


100 


(3) 


a 


FR  e  =  tritiated  water  absorbed  from  the  rumen  ingesta  appearing 
in  saliva  (%) 

Ra  =  tritiated  water  absorbed  from  the  rumen  ingesta  (cpm) 

Ts  =  total  tritiated  water  secreted  (cpm)  in  saliva  (equation  2) 
Statistical  analysis  of  the  data  were  performed  and  the  mean  squares 


are  given  in  Appendix  8,  Tables  20  and  21. 


Results  and  Discussion 

The  mean  rate  of  secretion  of  tritiated  water  into  saliva  with  the 
three  sheep  showed  a  marked  increase  during  the  first  35  min  of  collection 
(Fig.  22);  the  rate  of  secretion  remained  relatively  constant  throughout 
the  remainder  of  the  collection  period.  The  rapid  rise  in  tritiated 
water  content  of  the  saliva  may  be  attributed  to  the  rate  of  water  move¬ 
ment  from  the  rumen;  the  rate  of  loss  of  tritiated  water  from  the  rumen 
begins  to  plateau  30  -  40  min  after  it  is  added  to  the  rumen  contents 
(Appendix  6).  Tritiated  water  from  the  rumen  appeared  in  saliva  within 
the  first  5  min  (Fig.  22);  indicating  a  rapid  transfer  of  water  from  the 
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rumen  to  saliva. 

The  percentage  of  tritiated  water  absorbed  from  the  rumen  appearing 
in  saliva  for  five  postfeeding  periods  (Table  8)  tended  to  be  highest  17 
hours  postfeeding;  however,  differences  between  postfeeding  periods  were 
not  significant.  Decreasing  the  pH  of  rumen  ingesta  to  5.5  -  5.8  had  no 
significant  effect  on  the  percentage  transfer  of  tritiated  water  to  saliva 
(Table  9).  These  results  suggest  an  increase  in  the  quantity  of  absorbed 
tritiated  water  appearing  in  saliva  since  it  was  noted  previously  (Experi¬ 
ment  I,  trials  1  and  2)  that  postfeeding  period  and  low  ingesta  pH  were 
associated  with  increased  absorption  of  water  from  the  rumen. 

TABLE  8.  Per  Cent  Tritiated  Water  Transferred  to  Saliva  at  Various 
Postfeeding  Periods 


Postfeeding 

Sheep  Number 

Period  (hr) 

142 

165 

54 

1 

2.5 

(1.8  -  3.1)* 

2.0 

(1.3  -  2.6) 

2.5 

(1.4  -  3.5) 

2 

2.4 

(2.2  -  2.5) 

2.5 

(2.4  -  2.5) 

2.0 

(1.7  -  2.3) 

3 

1.0 

(0.7  -  1.3) 

2.5 

(2.2  -  2.7) 

1.6 

(0.8  -  1.3) 

4 

2.1 

(1.3  -  2.9) 

1.8 

(0.9  -  2.6) 

3.4 

(2.1  -  4.7) 

17 

4.2 

(3.9  -  4.4) 

2.7 

(1.6  -  3.8) 

1.7 

(1.4  -  1.9) 

*  Range  observed. 


66 


TABLE  9.  Per  Cent  Tritiated  Water  Absorbed  From  Rumen  Ingesta  Appearing 
in  Saliva  as  Affected  by  pH  of  Rumen  Ingesta 


Postfeeding 

pH  of 

Sheep 

Number 

Period  (hr) 

Rumen  Ingesta* 

142 

165 

Normal 

1.0 

(0.7  -  1.3)** 

2.5 

(2.2  -  2.7) 

3 

Low 

2.6 

(2.1  -  3.0) 

2.5 

(1.1  -  3.8) 

Normal 

4.2 

(3.9  -  4.4) 

2.7 

(1.6  -  3.8) 

17 

Low 

3.9 

(2.3  -  5.6) 

3.2 

(2.8  -  3.5) 

*  As  in  Experiment  I,  trial  2. 

**  Range  observed. 

Summary 

(1)  The  secretion  of  tritiated  water  into  saliva  increased  rapidly  during 
the  first  30  min  of  collection,  then  tended  to  maintain  a  relatively 
constant  level. 

(2)  Significant  differences  in  the  per  cent  of  tritiated  water  absorbed 
from  the  rumen  appearing  in  saliva  were  not  observed  at  various  postfeeding 
periods  or  when  the  pH  of  the  rumen  ingesta  was  lowered. 
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GENERAL  DISCUSSION 

Before  estimates  of  water  exchange  across  the  rumen  epithelium 
obtained  using  rumen  isolation  procedures  could  be  accepted  as  valid, 
comparisons  with  estimates  made  without  rumen  isolation  were  necessary. 
Results  of  Experiment  I,  trial  3  indicate  that  water  movements  from  the 
non-isolated  rumen  do  not  differ  significantly  from  those  obtained  with 
rumen  isolation  procedures.  From  these  results  it  was  concluded  that 
short  periods  of  rumen  isolation,  such  as  used  during  Experiment  I, 
trials  1  and  2,  should  not  seriously  alter  water  passage  across  the  rumen 
epithelium.  Frequent  additions  of  substances  to  the  rumen,  such  as 
saliva,  were  required  when  using  an  non-isolated  rumen  and  difficulties 
in  maintaining  the  homogeneity  of  the  rumen  ingesta  were  encountered. 

Such  additions  were  not  required  when  using  an  isolated  rumen  and  thus 
the  isolated  rumen  had  the  advantage  of  reducing  errors  in  measuring 
water  transfer  between  the  rumen  and  blood  (see  error  variance,  Appendix 
8,  Tables  16  and  17). 

Throughout  all  trials  of  Experiment  I  a  rapid  exchange  of  water 
across  the  rumen  epithelium  was  observed.  Water  inflow  and  outflow  were 
almost  equal,  ranging  from  28.3  to  67.6  ml/min  and  35.1  to  82.9  ml/min 
respectively  (Appendix  7);  this  is  equivalent  to  an  exchange  of  41  to 
119  liters  per  24  hours.  These  results  are  in  reasonable  agreement  with 
those  obtained  in  adult  goats  of  7.1  to  71  liters  per  24  hours  (Engelhardt, 
1963a) ,  considering  differences  in  animal  size  and  rumen  fluid  volume 
between  sheep  and  goats. 

Rumen  contents  were  hypotonic  to  jugular  blood  serum  throughout  all 
£j-j_als  of  Experiment  I.  Net  water  absorption  from  the  rumen  was  observed 
In  all  trials,  a  result  which  could  be  anticipated  if  osmotic  gradients 


_ 
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were  to  influence  net  water  absorption.  Engelhardt  (1963a  and  1963b) 
observed  a  net  fluid  inflow  into  the  rumen  of  goats,  a  result  contrary 
to  those  found  in  Experiment  I.  Although  Engelhardt  did  not  measure  the 
osmotic  gradients  between  the  rumen  fluid  and  blood,  they  could  have  been 
considerably  different  to  those  of  Experiment  I;  the  goats  used  were  fed 
a  complex  ration  of  roughages  and  concentrates  while  the  sheep  in  this 
study  received  chopped  alfalfa  hay  only.  If  different  osmotic  relationships 
existed,  different  results  could  be  expected. 

Water  inflow  and  outflow  between  the  rumen  ingesta  and  blood  were 
found  to  vary  with  postfeeding  period  (Fig.  7  and  8),  being  significantly 
increased  1  to  3  hours  postfeeding  and  declining  as  the  period  after 
feeding  progressed.  Significant  differences  were  not  observed  in  net 
water  absorption  between  various  postfeeding  periods  (Fig.  9).  This 
indicated  that  commensurate  changes  in  water  inflow  and  outflow  occurred 
so  that  net  water  absorption  remained  relatively  constant  even  though  the 
osmotic  gradient,  as  indicated  by  differences  in  freezing  point  between 
the  rumen  contents  and  blood,  did  vary  with  time  after  feeding.  Water 
inflow  from  the  blood  tended  to  increase  as  the  osmotic  gradient  between 
the  rumen  contents  and  blood  decreased  (Fig.  8  and  12).  Lowering  the  pH 
of  the  rumen  ingesta  decreased  the  osmotic  gradient  between  the  rumen 
ingesta  and  blood  (Fig.  16),  markedly  reduced  net  water  absorption  (Fig. 

15)  and  increased  water  inflow  (Fig.  14)  through  the  rumen  epithelium. 

The  results  indicate  that  the  osmotic  gradients  between  the  rumen  ingesta 
and  blood  greatly  influenced  net  water  absorption  and  to  a  lesser  extent 
water  inflow;  however,  water  inflow  into  the  rumen  involves  water  move¬ 
ment  against  the  osmotic  forces  observed  and  therefore  cannot  be  explained 
on  the  basis  of  osmotic  gradients  alone.  The  possibility  that  the  freezing 
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point  of  jugular  blood  serum  did  not  represent  the  actual  osmotic  condi¬ 
tions  across  the  rumen  wall  cannot  be  overlooked;  however,  a  satisfactory 
explanation  of  water  inflow  cannot  be  put  forward  without  considering 
possible  associations  between  water  movements  and  the  absorption  and 
secretion  of  nutrients  and  minerals  through  the  epithelium. 

Blood  flow  and  blood  pressure  and  the  absorption  and  secretion  of 
nutrients  and  minerals  through  the  rumen  epithelium  have  been  postulated 
as  factors  influencing  water  exchange  between  the  rumen  contents  and 
blood  (Engelhardt,  1963a).  Abundant  evidence  exists  demonstrating  that 
volatile  fatty  acid  production  within  the  rumen  ingesta  are  elevated  1 
to  4  hours  after  feeding  (Phillipson,  1942;  Masson  and  Phillipson,  1951; 
Briggs  et  al.,  1957;  Blaxter,  1962  and  Grieve  et  al.,  1963)  and  that  the 
transfer  of  these  nutrients  from  the  rumen,  being  determined  by  their 
concentration  gradients,  is  also  maximal  at  that  time  (Ash  and  Dobson, 
1963).  Since  highest  rates  of  water  exchange  were  observed  during  a 
period  when  metabolic  activity  should  have  been  elevated,  an  association 
between  the  two  phenomena  could  be  postulated. 

Experiment  I,  trial  2  demonstrates  that  water  movements  across  the 
rumen  epithelium  were  significantly  increased  3  and  17  hours  postfeeding 
by  reducing  the  pH  of  rumen  ingesta  with  hydrochloric  acid.  Since  Code 
et  al.  (1963)  observed  no  effect  on  water  movement  when  acid  was  adminis¬ 
tered  to  the  washed  stomach  of  dogs,  the  effect  of  increased  hydrogen 
ion  concentration  on  water  movement  in  and  out  of  the  rumen  may  have  been 
caused  by  changes  in  other  compounds  within  the  rumen  resulting  from  the 
lower  pH.  As  an  example,  the  form  in  which  metabolic  acids  exist  within 
the  rumen  liquor  is  influenced  by  the  pH  of  the  liquor.  At  pH  7? 
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approximately  50  per  cent  of  the  fatty  acids  present  in  the  rumen  are  in 
the  ionized  form,  primarily  as  their  sodium  salt,  and  50  per  cent  in  the 
free  acid  form  (Blaxter,  1962  and  Ash  and  Dobson,  1963).  Lowering  the 
pH  of  rumen  ingesta  is  known  to  increase  the  proportion  of  un- ionized 
fatty  acids  and  to  decrease  the  proportion  of  ionized  fatty  acids  present. 
It  has  also  been  suggested  that  as  the  pH  of  the  rumen  contents  is  de¬ 
creased  the  rate  of  volatile  fatty  acid  absorption  from  the  rumen  increases 
(Annison  and  Lewis,  1959)  with  a  greater  proportion  being  absorbed  as  free 
acid  (Ash  and  Dobson,  1963).  The  effect  of  reducing  the  pH  of  ingesta  on 
water  movements  was  greatest  at  3  hours  postfeeding,  when  volatile  fatty 
acid  production  should  have  been  elevated.  Since  an  association  between 
the  transfer  of  metabolites  and  water  transfer  across  the  rumen  epithelium 
has  been  postulated  (Engelhardt,  1963a)  and  increasing  the  ingesta  pH 
above  7.2  is  known  to  inhibit  volatile  fatty  acid,  sodium  and  water 
absorption  (Engelhardt,  1963c),  a  possible  explanation  for  the  increased 
water  outflow  observed  with  low  pH  of  the  rumen  ingesta  might  be  a  link 
between  the  absorption  of  free  metabolic  acids  and  water  outflow. 

Sodium  is  known  to  be  actively  transported  from  the  rumen  (Dobson, 

1959  and  1961)  and  a  link  between  sodium  transport  and  water  movements 
has  been  proposed  (Clarkson  and  Rothstein,  1960;  Curran,  1960;  Annegers, 
1961  and  Rossi  and  Capraro,  1961 ) .  A  large  portion  of  the  ionized  fatty 
acids  exists  as  sodium  salts  within  the  rumen  ingesta;  thus,  decreasing 
the  proportion  of  ionized  fatty  acid  by  reducing  ingesta  pH  should  increase 
the  number  of  sodium  ions  available  for  active  transport  out  of  the  rumen; 
thus  increased  water  outflow  may  occur  by  the  proposed  link  between  sodium 
transport  and  water  transfer. 

Since  600  -  700  ml  of  1  N  HC1  was  required  to  lower  the  pH  of  the 
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ingesta,  considerable  quantities  of  chloride  (21.9  to  29.2  g)  were  added 
to  the  rumen  ingesta.  Chloride  concentrations  within  ingesta  are 
generally  below  those  of  blood  (Sperber  and  Hyde^,  1952;  Dobson  and 
Phillipson,  1958;  Dobson, 1959  and  Hyden,  1961b)  and  chloride  movements 
against  this  concentration  gradient  are  promoted  by  an  electrical 
gradient;  the  rumen  contents  being  30  mV  negatively  charged  relative  to 
blood  (Dobson,  1959  and  Sellers  and  Dobson,  1960) .  The  effect  of  ingesta 
pH  changes  produced  with  hydrochloric  acid  could  be  due  to  an  association 
between  water  exchange  and  increased  chloride  movements  as  well  as 
changes  which  occur  in  the  molecular  form  of  various  metabolites  within 
the  rumen.  The  changes  in  pH  of  ingesta  observed  following  feeding  were 
probably  the  result  of  increased  volatile  fatty  acid  production  (Phillipson, 
1942;  Masson  and  Phillipson,  1951;  Briggs  et  al.,  1957;  Blaxter,  1962  and 
Grieve  et  al.,  1963);  this  would  not  alter  ingesta  chloride  concentrations. 
The  increased  water  exchange  observed  after  feeding  was  probably  asso¬ 
ciated  with  a  combination  of  increased  volatile  fatty  acid  absorption 
and  decreased  pH  of  ingesta  as  it  affects  the  molecular  forms  of  metabolic 
compounds . 

The  high  rate  of  turnover  of  water  from  the  rumen  of  sheep  54  (Fig. 

10)  appears  to  further  support  the  postulate  that  a  link  exists  between 
water  transfer  and  transport  of  nutrients  and  minerals  across  the  rumen 
epithelium.  All  sheep  were  comparable  in  age,  body  weight  and  feed 
consumption  (Appendix  2).  Sheep  54  had  a  lower  rumen  fluid  volume  (Fig. 

11)  but  a  higher  rate  constant  of  loss  of  tritiated  water  from  the  rumen 
(Fig.  10)  than  did  the  other  sheep,  resulting  in  water  exchange  across 
the  rumen  epithelium  comparable  to  sheep  142  and  165.  The  higher  rate 
of  water  turnover  of  sheep  54  may  have  been  required  to  compensate  for 
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the  smaller  rumen  fluid  volume  if  nutrient  transport  and  water  transfer 
are  closely  associated.  The  results  obtained  throughout  Experiment  I 
suggest  that  an  association  does  exist  between  the  absorption  and  secre¬ 
tion  of  nutrients  and  minerals  through  the  rumen  epithelium  and  water 
exchange;  however,  research  of  a  more  specific  nature  is  required  to 
determine  the  nature  of  such  a  link. 

Saliva  secretion  rates  were  found  to  be  significantly  increased  at 
the  beginning  of  each  trial  replicate  in  Experiment  II,  trial  1  and 
declined  over  the  95  min  collection  period  to  approach  basal  levels  of 
secretion  by  80  to  95  minutes.  The  saliva  secretion  rates  of  sheep  are 
known  to  increase  in  response  to  tactile  stimulation  of  the  cardia, 
esophageal  groove  and  reticular  epithelium  (Kay,  1958;  Ash  and  Kay,  1959; 
Kay,  1960a;  Bailey,  1961a  and  Comline  and  Titchen,  1961)  and  stretching 
of  the  terminal  thoracic  esophagus,  cardia  and  reticulo-omasal  orifice 
(Ash  and  Kay,  1959  and  Kay  and  Phillipson,  1959).  Increased  saliva 
secretion  in  cattle  (Mendel  and  Boda,  1961)  and  in  sheep  (Hyden,  1958) 
have  been  noted  when  saliva  was  collected  with  esophageal  catheters. 

Both  tactile  and  stretch  stimulation  of  the  cardia,  esophageal  groove, 
reticular  epithelium  and  reticulo-omasal  orifice  could  occur  when  the 
cardial  and  reticulo-omasal  orifice  plugs  were  in  position;  suggesting 
that  the  increased  saliva  secretion  rates  observed  during  the  initial 
5  min  of  each  collection  period  (Fig.  21)  could  be  due  to  stimulation 
of  these  areas  of  the  forestomachs. 

Parotid  secretion  rates,  increased  by  stretching  the  reticulo-omasal 
orifice,  did  not  show  any  adaptation  to  the  stimulus  over  time  periods 
less  than  1  min  (Ash  and  Kay,  1959);  however,  increased  secretion  rates 
due  to  esophageal  distension  did  begin  to  decline  after  15  min  stimulation 
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(Hyden,  1958  and  Kay  and  Phillipson,  1959).  This  suggests  that  the 
decline  in  saliva  secretion  rates  observed  (Fig.  21)  could  be  attributed 
to  the  adaptation  of  receptors  in  the  regions  of  the  cardia  and  reticulo- 
omasal  orifice  to  the  initial  stimulus  produced  in  these  regions  by 
insertion  of  the  plugs  during  rumen  isolation  procedures. 

The  secretion  of  tritiated  water  in  saliva  was  found  to  increase 
rapidly  (Fig.  22)  after  the  initial  dose  to  the  rumen  ingesta,  then  to 
plateau  and  maintain  a  relatively  constant  level  throughout  the  trial. 

The  percentage  of  the  tritiated  water  lost  from  the  rumen  appearing  in 
saliva  remained  relatively  constant  (Tables  9  and  10) ,  even  though  the 
rate  of  loss  of  tritiated  water  from  the  rumen  varied  significantly  with 
postfeeding  period  and  pH  of  the  rumen  ingesta.  A  slight  increase  in 
saliva  secretion  rate  at  rest  was  observed  17  hours  postfeeding  (Experi¬ 
ment  II,  trial  1)  although  this  increase  was  not  significant.  A  similar 
rise  in  the  percentage  of  tritiated  water  lost  from  the  rumen  appearing 
in  saliva  was  also  observed  at  17  hours  postfeeding  (Table  8) ,  although 
this  likewise  was  not  significant.  This  suggested  that  the  total 
tritiated  water  secreted  in  saliva,  when  expressed  as  a  proportion  of  the 
tritiated  water  lost  from  the  rumen,  was  dependent  on  the  volume  of 


saliva  produced. 
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GENERAL  SUMMARY 

(1)  A  rapid  exchange  of  water  across  the  rumen  epithelium  was  observed 
throughout  Experiment  I.  This  exchange  was  significantly  increased 
immediately  after  feeding  and  declined  as  the  postfeeding  period  pro¬ 
gressed.  Net  water  absorption  from  the  rumen  was  observed  in  all  trials; 
however,  significant  variations  in  net  water  absorption  at  different 
postfeeding  periods  were  not  observed. 

(2)  The  pH  of  rumen  ingesta  was  lower  1,  2  and  3  hours  postfeeding  than 
4  or  17  hours  postfeeding.  The  addition  of  500  -  700  ml  of  1  N  hydro¬ 
chloric  acid  decreased  the  pH  of  the  rumen  ingesta  to  5.5  -  5.8  and 
resulted  in  a  significant  increase  in  water  inflow  and  outflow  between 
the  rumen  contents  and  body  fluids  at  3  and  17  hours  postfeeding. 

Lowering  the  pH  17  hours  postfeeding  increased  water  exchange  to  levels 
comparable  to  those  in  normal  sheep  3  hours  after  feeding.  At  low  pH 
the  osmotic  gradient,  as  measured  by  differences  in  freezing  point  of 
rumen  ingesta  and  blood,  was  less  at  3  hours  than  at  17  hours  postfeeding. 
Net  water  absorption  was  lower  at  3  hours  and  water  inflow  was  greater. 

(3)  Neither  returning  saliva  to  the  rumen  nor  allowing  ingesta  to  flow 

to  the  omasum  resulted  in  any  significant  changes  in  water  exchange  or 
net  water  absorption  across  the  rumen  epithelium.  The  freezing  point 
of  rumen  fluid  was  not  significantly  altered  by  adding  saliva  to  the 
rumen  or  by  allowing  ingesta  to  flow  to  the  omasum.  The  pH  of  rumen 
ingesta  was  slightly  increased  by  adding  saliva  to  the  rumen. 

(4)  Basal  saliva  secretion  rates  of  7.1  ^  0.6  ml/min  and  9.4  +  0.8  ml/min 

were  observed  in  two  sheep.  Insertion  of  the  cardial  and  ret iculo-omasal 

orifice  plugs  produced  a  significant  increase  in  saliva  secretion  rate 
during  the  first  few  minutes  of  collection  which  declined  to  approach  the 
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basal  rate  of  saliva  secretion  after  80  to  95  min  of  collection.  Signfi- 
cant  differences  in  rate  of  saliva  secretion  were  not  observed  between 
3  and  17  hours  postfeeding;  however,  a  slight  increase  was  evident  at 
17  hours  postfeeding. 

(5)  Tritiated  water  was  observed  to  be  rapidly  transferred  from  the  rumen 
contents  to  saliva;  the  radioactive  count  of  saliva  increased  rapidly  to 
a  maximum  at  35  to  50  min  after  addition  of  tritiated  water  to  the  rumen. 
The  percentage  of  tritiated  water  absorbed  from  the  rumen  ingesta  trans¬ 
ferred  to  saliva  remained  constant,  although  a  slight  increase  was 
observed  at  17  hours  postfeeding  concurrent  with  the  slight  rise  in  rate 
of  saliva  secretion, 


■ 
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APPENDIX  1 

Construction  of  Rumen  Fistula  Plugs,  Esophageal  Cannulas  and  Plugs,  and 

Omasal  Cannulas 

All  fistula  plugs  and  cannulas  used  in  the  fistulated  sheep  were 
constructed  with  1/8  inch  "chemical-cure"  rubber;  an  uncured,  commercially 
available  rubber  product  which  can  be  cured  and  bonded  to  itself  or  to 
cured  rubber  materials  by  surface  applications  of  carbon  disulfide.  No 
molds  were  required  for  constructing  any  of  the  fistula  plugs  or  cannulas. 
"Chemical-cure"  rubber  was  stored  in  a  refrigerator  when  not  in  use  since 
exposure  to  an  atmosphere  containing  chemical  vapors,  such  as  in  a 
laboratory,  was  found  to  cure  the  rubber  over  a  period  of  time. 

a.  Bonding  and  Curing  Procedures 

Since  carbon  disulfide  is  highly  flammable,  all  bonding  and  curing 
procedures  were  carried  out  under  a  forced-draft  fume  hood. 

The  surface  of  the  cured  rubber  material  to  be  bonded  was  thoroughly 
cleansed  with  xylene.  After  the  xylene  had  evaporated,  the  surface  of 
the  rubber  was  "buffed"  and  carbon  disulfide  applied.  Carbon  disulfide 
was  then  applied  to  the  "chemical-cure"  rubber  and  allowed  to  evaporate 
until  the  surface  became  tacky.  The  surfaces  of  the  cured  and  "chemical- 
cure"  rubber  were  pressed  together  and  kneaded  to  remove  all  entrapped 
air  and  produce  a  secure  bond.  Vigorous,  persistent  kneading  was  required 
to  ensure  a  strong  bond. 

The  "chemical-cure"  rubber  was  easily  bonded  to  itself  by  applying 
carbon  disulfide  to  both  surfaces,  then  carefully  kneading  the  bond  to 
remove  all  entrapped  air. 

The  "chemical-cure"  rubber  was  cured  by  painting  several  applications 
of  carbon  disulfide  over  the  entire  surface,  then  heating  at  90  F  for 


12  hours. 
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b.  Construction  of  Rumen  Fistula  Plugs 

Two  types  of  rumen  fistula  plugs  were  constructed;  a  solid-center 

(Fl§*  23) ,  used  to  close  rumen  fistulas  when  the  sheep  were  not 
being  used  in  experimental  trials,  and  an  open-center  plug  (Fig.  24)  into 
which  the  sleeve  of  a  rubber  obstetrical  glove  was  bonded  to  enable 
sampling  of  rumen  ingesta  without  spillage. 

The  fistula  plug  with  the  solid  center  was  constructed  as  follows: 
two  circles  of  "chemical-cure"  rubber,  6  1/2  inches  and  5  1/2  inches  in 
diameter,  were  cut  on  a  bevel  to  the  surface  from  a  sheet  of  "chemical- 
cure"  rubber.  A  circle  of  3  1/2  inch  diameter  was  inscribed  in  the 
center  of  each  piece.  The  center  was  cut  out  of  the  5  1/2  inch  diameter 
circle  of  "chemical-cure"  rubber  at  right  angles  to  the  surface;  the 
6  1/2  inch  circle  of  "chemical-cure"  rubber  was  left  intact.  The  ends 
of  a  21  inch  length  of  vacuum  tubing  (5/8  inch  outside  diam;  1/4  inch 
wall)  were  stapled  together  and  secured  by  bonding  a  strip  (3/4  inch 
width)  of  "chemical-cure"  rubber  around  the  joint.  Using  similar  material 
and  treatment,  a  circle  of  18  inches  circumference  was  also  prepared. 

The  larger  and  smaller  circles  of  tubing  were  then  bonded  to  the  circum¬ 
ferences  of  the  6  1/2  and  5  1/2  inch  circles  of  "chemical-cure"  rubber, 
respectively  (Fig.  25).  Next,  the  ends  of  an  11  inch  x  3/4  inch  strip 

of  "chemical-cure"  rubber  were  bonded  to  form  a  ring.  This  ring  served 

as  the  barrel  of  the  fistula  plug  and  was  bonded  on  the  6  1/2  inch 
diameter  circle  of  "chemical-cure  rubber  (Fig.  26),  The  5  1/2  inch 
diameter  circle  of  "chemical-cure"  rubber  was  then  bonded  to  the  outer 
edge  of  the  barrel  (Fig.  27).  Finally,  the  3  1/2  inch  center  piece, 
previously  removed  from  the  5  1/2  inch  circle  of  "chemical-cure"  rubber, 

was  bonded  to  the  outer  center  of  the  fistula  plug.  The  fistula  plug 


was  cured  as  described. 
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FIG.  23.  Solid  Center  Rumen  Fistula  Plug 


•e 


Sleeve  of  rubber 
obstetrical  glove 


Scale  -  1/2  inch  -  1  inch 


FIG.  24.  Open  Center  Rumen  Fistula  Plug 


86 


"Chemical -cure" 
rubber  circle 

Bond 

5/8  inch  vacuum  tubing 


FIG.  25.  Bonding  "Chemical - cure"  Rubber  to  Cured  Rubber  Tubing 


5/8  inch 
vacuum  tubing 

Barrel 

b  1/2  inch  circle 
chemical - cure"  rubber 


FIG.  26.  Bonding  the  Fistula  Plug  Barrel  to  the  Inner  Side  of  the 
Fistula  Plug 


5  1/2  inch  circle 
"chemical-cure"  rubber 


5/8  inch  vacuum  tubing 


Barrel 

6  1/2  inch  circle 
"chemica 1 - cure"  rubber 


FIG.  27.  Bonding  the  Outer  Side  of  the  Fistula  Plug  to  the 
Fistula  Plug  Barrel 
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The  rumen  fistula  plug  with  the  open  center  (Fig.  24)  was  constructed 
in  the  same  manner  as  the  solid-center  fistula  plug  except  for  the 
following  modifications.  The  3  1/2  inch  circle  inscribed  on  the  61/2 
inch  diameter  piece  of  "chemical-cure"  rubber  was  cut  out  at  right  angles 
to  the  surface.  After  the  inner  and  outer  surfaces  of  the  fistula  plug 
were  bonded  to  the  central  barrel,  the  sleeve  of  a  rubber  obstetrical 
glove  was  fitted  into  the  open  center  of  the  fistula  plug.  The  end  of 
the  rubber  sleeve  was  serated  and  the  small  tabs  thus  produced  bonded  to 
the  inner  surface  of  the  fistula  plug.  A  6  inch  diameter  circle  of 
"chemical-cure"  rubber,  with  a  4  inch  diameter  circle  cut  out  of  the 
center  on  a  bevel,  was  bonded  over  the  tabs  of  the  rubber  sleeve  onto 
the  inner  surface  of  the  fistula  plug.  Finally  the  sleeve  of  the  obstet¬ 
rical  glove  was  bonded  to  the  barrel  of  the  cannula.  After  applying  carbon 
disulfide  to  the  "chemical-cure"  rubber,  the  fistula  plug  was  cured  as 
described  earlier. 

c.  Construction  of  Esophageal  Cannulas  and  Esophageal  Cannula  Plugs 

The  esophageal  cannula  (Fig.  28)  was  constructed  from  cured  gum- 
rubber  tubing  (1  inch  outside  diam;  1/8  inch  wall).  The  end  of  a  2  1/2  - 
3  inch  length  of  such  tubing  was  cut  as  shown  in  Fig.  29  and  all/4  inch 
diameter  circle  of  "chemical-cure"  rubber,  with  a  3/4  inch  diameter  circle 
removed  from  the  center,  bonded  to  the  cut  end  to  form  the  cannula  flange. 

The  esophageal  cannula  plug  (Fig.  28)  was  constructed  from  5/8  inch 
vacuum  tubing,  the  end  of  which  was  cut  to  match  the  inner  end  of  the 
esophageal  cannula.  A  3/4  inch  diameter  circle  of  "chemical-cure"  rubber 
was  bonded  to  the  cut  end  of  the  vacuum  tubing  and  an  elastrator  ring1 
pj^cgtl  sl  notch  cut  in  the  vacuum  tubing  about  1  1/2  inches  from  the 


1.  Elastrator  rings,  California  Stockman  Supply  Co.,  San  Francisco, 
Calif . ,  USA. 
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Cannula 


Plug 


5/8  inch  vacuum 
tubing 


Elastator  band 


Rubber  cap 


FIG.  28.  Esophageal  Cannula  and  Plug 


Cannula  flange 


Cannula  barrel 


FIG.  29.  Construction  of  Esophageal  Cannula 
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inner  end.  A  rubber  cap  of  cured-gum  rubber  tubing  (1  inch  outside  diam; 
1/8  inch  wall)  was  bonded  to  the  outer  end  of  the  cannula  plug  with 
"chemical-cure"  rubber.  The  length  of  the  cap  was  such  that  the  inner 
end  of  the  cannula  plug  fit  flush  with  the  inner  end  of  the  cannula;  thus 
reducing  the  chance  of  obstruction  of  the  esophagus  when  the  cannula  and 
plug  were  placed  in  the  esophageal  fistula. 

d.  Construction  of  Omasal  Cannulas 

Commercially  available  cannulas,  normally  used  for  rumen  fistulas 
in  sheep  (Jarret,  1948),  were  adapted  for  use  as  omasal  cannulas  as 
follows:  the  barrel  of  the  cannula  was  cut  in  two  approximately 

half  way  along  its  length.  The  ends  of  a  2  -  3  inch  wide  strip  of 
"chemical-cure"  rubber  were  bonded  together  and  the  cylinder  thus  formed 
bonded  into  the  cannula  barrel  to  increase  its  length.  The  width  of  the 
"chemical-cure"  rubber  cylinder  inserted  into  the  barrel  of  the  cannula 
depended  on  the  length  of  the  cannula  required  to  fit  the  omasal  fistula 
of  the  individual  sheep. 
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APPENDIX  2 

Postoperative  Performance  of  Experimental  Sheep 

Three  mature  ewes,  3-4  years  of  age,  were  prepared  with  esophageal, 
rumen  and  omasal  fistulas  for  use  as  experimental  animals.  The  omasal 
fistula  was  established  in  all  sheep  by  September  15,  1963.  The  esopha¬ 
geal  and  rumen  fistulas  were  established  2  weeks  later,  both  procedures 
being  carried  out  on  one  sheep  at  the  same  operative  period.  All  fistulas 
were  functional  by  September  30,  1963.  Experimental  results  from  the 
sheep  were  not  utilized  until  January,  1964,  3  months  after  surgery. 

The  sheep  maintained  body  weights  on  ground  alfalf a-brome  hay  over 
the  experimental  period  (Table  10) .  The  rumen  contents  appeared  to  be 
normal  and  the  reticulo-rumen  exhibited  normal  motility  as  determined  by 
visual  observation.  The  laminae  of  the  omasum  quickly  assumed  a  normal 
position  around  the  flanges  of  the  cannula  after  their  initial  displace¬ 
ment.  Sheep  54  was  sacrificed  on  May  5,  1964,  2  months  after  the  last 
trial  performed  with  her,  since  her  conditions  was  extremely  poor  due  to 
an  inability  to  eat  because  of  very  poor  teeth.  Autopsy  revealed  satis¬ 
factory  fistulas  with  no  signs  of  infection  or  irriatation.  All  ewes 
showed  a  slight  fall  in  body  weight  during  the  first  month  (August  30  to 
September  30),  which  was  attributed  to  a  change  of  diet  from  grass  pasture 
to  dry  feed.  All  ewes  showed  a  good  appetite  for  the  ration  given.  Mean 
feed  and  water  consumption  data  are  presented  in  Table  11. 


TABLE  10.  Monthly  Body  Weights  (lb)  of  Experimental  Sheep 
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APPENDIX  3 

Polyethylene  Glycol  4000  Determinations 

The  concentration  of  polyethylene  glycol  4000  in  rumen  fluid  samples 
was  determined  using  the  photometric  method  developed  by  Hyden  (1955) 
with  minor  modifications.  The  procedure  followed  is  outlined  below. 

One  ml  of  rumen  fluid,  prepared  by  straining  rumen  ingesta  through 
a  single  layer  of  cheesecloth  followed  by  centrifugation  for  5  min  at 
1500  rpm,  was  transferred  into  a  clean,  20  ml  test  tube  and  diluted  with 
10  ml  of  distilled  water.  In  the  order  given  2  ml  of  10%  (w/v)  BaCl2, 

2  ml  of  0.3  N  Ba(0H)2  and  2  ml  of  5%  (w/v)  ZnSO^  were  added.  After  each 
addition  the  preparation  was  mixed  using  a  test  tube  mixer-*-.  Following 
the  final  mixing,  the  mixture  was  allowed  to  stand  for  5  minutes.  Following 
centrifugation  at  2000  rpm  for  15  min,  4  ml  of  the  supernatant  was  trans¬ 
ferred  to  a  125  ml  erlenmyer  flask.  Four  ml  of  30%  (w/v)  trichloracetic 
acid  with  57,  BaCl2  was  then  added  to  the  125  ml  erlenmyer  flask  and  the 
contents  quickly  and  thoroughly  mixed.  The  solution  was  then  transferred 
to  a  photometer  tube  and  the  turbidity  measured  in  a  spectrophotometer 2 
at  a  wavelength  of  470  mu  exactly  5  min  after  the  addition  of  the  tri¬ 
chloracetic  acid  solution.  The  polyethylene  glycol  4000  concentration 
was  then  determined  from  a  prepared  standard  curve. 

1.  Vortex  Jr.  Mixer  model  K-500-J,  Scientific  Industries  Inc.,  Springfield, 
Mass,  USA. 

2.  Bausch  and  Lomb  Spectronic  20,  Rochester,  N.Y.,  USA. 
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APPENDIX  4 

Liquid  Scintillation  Sample  Preparation 

The  liquid  scintillation  counting  solution  used  in  all  radioactive 
counting  was  outlined  by  Butler  (1961)  for  tritium  determinations  in  water 
and  urine  and  is  given  below. 

4.00  g  PPO  (2,  5-Diphenyloxazole) 

0.05  g  P0P0P  (p-Bis  (2- (5-phenyloxazolyl)]  -  b  enzene) 

120.00  g  naphthalene-*- 

1000.00  ml  p-dioxane^ 

It  is  essential  that  reagents  of  highest  purity  be  used  in  the 
scintillation  solution  since  low  grade  chemicals  can  tremendously  reduce 
the  counting  efficiency  (Butler,  1961). 

Each  sample  of  rumen  fluid  or  saliva  to  be  counted  was  mixed  with 
the  scintillation  mixture  given  above  as  follows: 

Using  a  clean  volumetric  pipette,  1  ml  of  sample  was  carefully 
transferred  to  a  clean  20  ml  test  tube.  Fifteen  ml  of  scintillation 
solution  was  transferred,  from  a  freshly  prepared  stock,  into  the  20  ml 
test  tube  containing  the  sample.  The  sample  and  counting  solution  were 

O 

then  thoroughly  mixed  with  a  test  tube  mixerJ.  The  addition  of  the  scin¬ 
tillation  solution  to  the  sample  caused  the  proteins  of  the  sample  to 
precipitate.  After  centrifugation  for  15  min  at  2000  rpm  the  supernatant 
from  the  mixture  of  counting  solution  and  sample  was  decanted  into  a 
clean,  labelled  counting  vial  and  stored  at  40  F  away  from  direct  sunlight 
until  counted. 

Since  proteins  are  quenching  agents  (Rapkin,  1964)  it  was  desirable 
to  have  them  as  completely  removed  from  the  scint illation- sample  mixture 

1.  Eastman  Organic  Chemicals,  Rochester,  N.Y.,  USA,  recrystalized  from 
alcohol . 

2.  Eastman  Organic  Chemicals,  Rochester,  N.Y. ,  USA,  mp  -  10.5  -  11.0  C. 

3.  Vortex  Jr.  Mixer  Model  K-500-J,  Scientific  Industries  Inc.,  Springfield, 

Mass . ,  USA . 
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as  possible.  It  was  found  that  the  scintillation  solution  gave  nitrogen 
precipitation  comparable  to  large  ion  precipitation  procedures  (Table  12). 
Nitrogen  determinations  were  made  using  micro-Kjeldahl  procedures  (A.O.A.C., 
1960). 

TABLE  12.  Rumen  Fluid  Nitrogen  Precipitation  Comparisons  Between 

Ba(0H)2  +  ZnS04  Precipitation  and  Scintillation  Solution 
Precipitation 


Scintillation  solution 

Ba (OH) 2  +  ZnS04 

0.370  mg  N/ml* 

0 . 389  mg  N /ml* 

*  Mean  value  of  three  determinations. 

One  ml  samples  were  used  in  all  radioactive  counting,  since  increasing 
the  ratio  of  scintillation  solution  to  sample  above  15:1  resulted  in  an 
unsatisfactory  counting  mixture,  probably  because  of  the  low  miscibility 
of  water  in  p-dioxane. 


J 
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APPENDIX  5 

Liquid  Scintillation  Quench  Correction  Procedure 

Liquid  scintillation  counting  is  a  method  of  detecting  radioactivity 
by  means  of  a  solution  of  fluors  and  a  photomultiplier  tube.  The  solution 
of  fluors,  known  as  the  scintillation  solution,  converts  the  energy  of 
the  primary  particle  emitted  by  the  radioactive  sample  to  light  and  the 
photomultiplier  tube  responds  to  the  light  by  the  production  of  a  charge 
pulse  that  is  amplified  and  counted  on  a  scaling  circuit.  Any  process 
which  interferes  with  the  amount  of  light  created  within  the  system  by 
each  radioactive  emission  will  cause  errors  in  the  radioactive  counting 
procedure  and  is  known  as  quenching  (Rapkin,  1964).  Color  quenching, 
produced  by  the  absorption  of  the  light,  is  the  most  common  type  of 
quenching.  Chemical  quenching,  produced  by  a  suppression  of  the  light 
production  of  the  fluor  molecule,  is  also  troublesome  in  liquid  scintillation 
counting . 

In  this  thesis  quench  corrections  were  made  by  the  procedure  of 
Bruno  and  Christian  (1961)  with  several  modifications.  The  /^spectrum 
for  tritium  was  divided  into  2  sections  (Fig.  30) by  adjusting  the  4  energy 
level  discriminators  of  the  Nuclear-Chicago  model  125  liquid  scintillation 


Ll 

H 

L2 

Intensity 

L3 

\ 

\ 

s 

l5 

Energy 

FIG.  30.  /3  Energy  Spectrum  for  Tritium  Showing  Division  by 

Energy  Level  Discriminators 
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counter.  Scaler  A  counted  the  radioactive  emissions  between  the  energy 
levels  and  L2  giving  the  total  radioactive  count  before  quench  cor¬ 
rection.  Scaler  B  and  scaler  C  counted  radioactive  emissions  between 
the  energy  levels  L4  and  L5  and  L3  and  L4  respectively. 

Quench  correction  standards  were  prepared  by  adding  a  standard 
amount  (0.5  pc)  of  tritiated  water  to  a  number  of  counting  vials  con¬ 
taining  the  counting  solution.  To  10  vials  which  showed  the  same  number 
of  radioactive  counts  per  min,  0.2,  0.4,  0.7,  0.8,  0.9,  1.0,  1.2,  1.4, 

1.6  and  1.8  ml,  respectively,  of  20  per  cent  (w/v)  acetic  acid  was  added 
to  produce  an  increasing  amount  of  quenching  in  each  vial.  A  correction 
factor  was  obtained  by  dividing  counts  per  min  obtained  by  the  absolute 
activity  added  to  each  vial.  By  plotting  the  correction  factor  against 
the  channel  ratio  on  semilog  paper  a  quench  correction  curve  was  obtained. 
Knowing  the  channel  ratio,  the  correction  factor  for  any  unknown  sample 
could  be  determined  providing  the  energy  level  discriminators  were  set 
the  same  as  for  the  standard  samples. 
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APPENDIX  6 

Method  of  Calculating  Water  Movements 

Water  movements  were  calculated  by  the  method  of  simple  turnover 

with  no  return  of  labeled  substance  as  outlined  by  Comar  (1955).  The 

problem  was  to  determine  the  rate  constant  for  the  loss  of  tritium 

labeled  water  from  the  reticulo-rumen  from  measurements  of  tritium 

labeled  water  concentrations,  which  were  being  decreased  exponentially 

due  to  flow  from  the  reticulo-rumen  to  the  blood.  This  rate  of  loss  is 

depicted  by  the  following  relationship; 

dA*  _  -pA* 
dt  A 

which  reduces  to 

2.3  log  =  It  - -  (1) 

At*  A 

A0*  =  amount  of  tritium  labeled  water  present  in  the  reticulo- 
rumen  at  time  0  (cpm) 

At*  =  amount  of  tritium  labeled  water  present  in  the  reticulo- 
rumen  at  time  t  (cpm) 

Z  =  rate  constant;  represents  the  fraction  of  tritium  labeled 
A  water  lost  per  unit  time 

t  =  total  time  (min) . 

The  logarithm  of  the  tritiated  water  present  in  the  reticulo-rumen 
was  plotted  against  time,  and  linear  regression  was  used  to  determine 
the  line  of  best  fit  to  the  curve  for  loss  of  tritiated  water  from  the 
rumen.  Any  large  deviations  from  a  straight  line  would  have  indicated 
the  action  of  factors  other  than  those  accounted  for  by  the  calculation 
(Comar,  1955):  no  such  deviations  were  observed.  All  subsequent  concen¬ 
trations  of  tritiated  water  were  calculated  by  taking  the  antilogarithm 
of  values  obtained  from  the  regression  line. 
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Over  long  periods  of  time  a  considerable  return  of  tritium  labeled 
water  to  the  reticulo- rumen  from  the  plasma  would  occur,  thus  the  calcu- 

P 

lation  of  the  rate  constant,  — ,  would  not  apply.  Over  short  time  periods, 
however,  when  the  concentration  of  tritium  labeled  water  within  the 
reticulo-rumen  would  be  very  much  larger  than  that  in  the  blood,  the 
calculation  procedure  outlined  by  Comar  (1955)  would  be  applicable. 

After  determining  the  rate  constant,  equation  1,  water  movements 
were  calculated  as  follows: 


F0  =  water  outflow  from  the  reticulo-rumen  (ml/min) 

p 

—  =  rate  constant  (equation  1) 

A 

~V  =  mean  rumen  volume  over  90  min  period  (ml) . 

The  total  water  outflow  for  each  trial  replication  was  then  calculated. 


To  =  F0  x  90 - - -  (3) 

Tq  =  total  water  outflow  for  trial  (90  min) 

Fq  =  water  outflow  (ml/min)  from  equation  2. 

Since  the  rumen  volume  changes  over  the  trial  period  were  known, 

the  water  inflow  into  the  reticulo-rumen  was  calculated  as  follows: 

Vt  ~  (Vo  ~  Tp)  _  (4) 

Fi  “  90 

Fi  =  water  inflow  into  the  reticulo-rumen  (ml/min) 

Vt  =  rumen  volume  at  end  of  trial  (t  =  90  min) 

VD  =  rumen  volume  at  beginning  of  trial  (t  =  0  min) 
po  =  total  water  outflow  for  trial  (equation  3) . 
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The  net  water  absorption  from  the  reticulo-rumen  was  calculated  as 
follows : 

Fn  =  F0  -  Fi  -  (5) 

Fn  =  net  water  absorption  (ml/min) 

F0  =  water  outflow  (ml/min);  equation  2 
F^  =  water  inflow  (ml/min);  equation  4. 


TABLE  13.  Mean  Water  Movements  at  Five  Postfeeding  Periods  (ml /min) 
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TABLE  14.  Mean  Squares  (Trial  1),  the  Effect  of  Postfeeding  Period  on  Water  Movements 
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APPENDIX  8 


TABLE  15. 

Mean  Squares 
Movements 

(Trial  2) ,  the 

Effect  of  Ingesta  pH 

on  Water 

Source  of 
Variance 

df 

Water 

Outflow 

Water 

Inflow 

Net  Water 
Absorption 

Rate 

Constant 

Total 

16 

Sheep  (S) 

1 

114.0 

105.6 

37.2 

248 

Postfeeding 

(P) 

1 

1986.9** 

2727.5** 

0.4 

1463* 

Acid  (A) 

1 

2306.4** 

2649.7** 

4.41 

1613* 

S  x  P 

1 

23.3 

19.1 

0.6 

77 

S  x  A 

1 

288.2 

110.7 

0.6 

20 

P  x  A 

1 

56.6 

225.8 

0.2 

89 

S  x  P  x  A 

1 

163.2 

136.4 

0.9 

668 

Error 

8 

107.8 

123.6 

22.7 

315 

*  P  <  0.05. 
**  P  <  0.01. 
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APPENDIX  8 

TABLE  16.  Mean  Squares  (Trial  3),  the  Effect  of  Saliva  Addition  to  and 
Ingesta  Flow  From  the  Rumen  on  Water  Movements 


Source  of 

Variance 

df 

Water 

Outflow 

Water 

Inflow 

Net  Water 
Absorption 

Rate 

Constant 

Total 

23 

Sheep  (S) 

1 

707.4 

354.2 

16.8 

2243.0 

Saliva  and  Ingesta 

Treatments  (Tr) 

2 

7.0 

48.9 

8.4 

88.5 

Postfeeding  (P) 

1 

2573.1* 

2612.5** 

0.7 

2665.0* 

S  x  Tr 

2 

151.1 

205.1 

2.6 

573.0 

S  x  P 

1 

8.1 

0.2 

2.3 

594.0 

P  x  Tr 

2 

15.8 

40.9 

0.1 

36.5 

S  x  Tr  x  P 

2 

238.3 

232.1 

2.5 

144.0 

Error 

12 

514.1 

201.3 

32.9 

482.4 

*  P<0.05. 

**  P  <0.01. 
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APPENDIX  8 


TABLE  17.  Mean  Squares  (Fig.  21),  Saliva  Secretion 
Rates  Throughout  Each  Trial  Replicate 


Source  of 

Variance 

df 

Saliva 

Secretion  Rate 

Total 

209 

Sheep  (S) 

2 

221.0 

Postfeeding  (P) 

4 

60.9 

S  x  P 

8 

39.8 

Days/SP 

15 

117 

Trial  time  (Ti) 

6 

1047** 

S  x  Ti 

12 

32.9 

P  x  Ti 

24 

96.8 

S  x  Tr  x  Ti 

48  1 

14.5 

Days/SP  x  Ti 

90  ) 

**  P  (  0.01. 
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APPENDIX  8 

TABLE  18.  Mean  Squares  (Table  6),  Saliva  Secretion 
Rates  at  3  and  17  Hours  Postfeeding 
Without  Rumen  Isolation 


Source  of 

Variance 

df 

Saliva 

Secretion  Rate 

Total 

19 

Sheep  (S) 

1 

27 . 15* 

Postfeeding  (P) 

1 

13. 9 5# 

S  x  P 

1 

0.14 

Error 

16 

4.17 

*  P  <  0.05. 

#  P<0.10. 


TABLE  19.  Mean  Squares  (Table  7),  Saliva  Secretion 
Rates  80  to  95  Minutes  After  Rumen 
Isolation  With  Normal  and  Low  Rumen 
Ingesta  pH 


Source  of 

Variance 

df 

Saliva 

Secretion  Rate 

Total 

31 

Sheep  (S) 

1 

26.3* 

Postfeeding  (P) 

1 

6.5 

S  x  P 

1 

13.5 

Acid  (A) 

1 

3.4 

P  x  A 

1 

0.6 

S  x  A 

1 

11.1 

S  x  P  x  A 

1 

21.5* 

Error 

24 

4.9 

*  P  <  0.05. 
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APPENDIX  8 

TABLE  20.  Mean  Squares  (Table  8),  Per  Cent  Tritiated 
Water  Transferred  to  Saliva  at  Various 
Postfeeding  Periods 


Source  of 

Variance 

df 

Per  Cent 

Transfer 

Total 

29 

Sheep  (S) 

2 

0.23 

Postfeeding  (P) 

4 

1.40 

S  x  P 

8 

1.52 

Error 

15 

0.89 

TABLE  21 

.  Mean  Squares  (Table  9) ,  Per  Cent 
Transfer  of  Tritiated  Water  Ab¬ 
sorbed  From  Rumen  Ingesta  Appearing 
in  Saliva  as  Affected  by  pH  of 

Rumen  Ingesta 

Source  of 
Variance 

df 

Per  Cent 
Transfer 

Total 

15 

Sheep  (S) 

1 

0.2 

Post feeding 

(P)  1 

7.6* 

Acid  (A) 

1 

OO 

o 

S  x  P 

1 

3.3 

S  x  A 

1 

0.2 

P  x  A 

1 

0.4 

S  x  P  x  A 

1 

1.2 

Error 

8 

1.6 

*  P  <  0.05. 


